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ABSTRACT . \ 

This individualized learnina module on intermediate 
power supplies is one in a series tf modules for a course .in basic 
electricity and electronics. iRe ecurse'ia' one of a .number of^ 
iri litary-develcped curriculum packages selected for adaptation to 
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resources # the lesson content, a programmed instruction section, and 
a lesson summary . (Progress checKs and other su pplemeirtary material 
are provided fcr each lesson in a student's <7uider CE 025 587.) 
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The mi litary-c3eve loped curriculum materials in this ooiitse 
padcage vfere selected by the National C^ter for Research in 
Vocational Kducacion Military Curriculum Project for dissem- 
ination to tJae six regional Curriculum Coordination Centers and 
other instructional materials agencies.. The purpose of 
disseminating ttiese courses was to make curriculum materials 
develoE^ed by the military nore accessible to vocational 
educators in the civilian setting. 

The. course materials were aoqui^red, evaluated by project 
staff and practitioners in the fie Id f and prepared for 
dissemination. Materials which were specific to the rilitary 
were deleted, copyrighted materials were either omitted or appro- 
val for their use was obtained. These course padcages rontain 
curriculum resource n^aterials which can be adapted to support 
vocational instruction and curriculum developmertt* 
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an activity to rncrease the accessrbility. of 
military-developed curriculum materials to 
vocational and technica! educators. ' 

This project, funded by the U.S. Office of 
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acquisition of curriculum materials in print 
form from the Coast Guard. Air Force, 
Army, Marine Corps and Navy. " 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense, 

Jhe acquired materials are reviewed by staff 
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deemed applicable to- vocational and tech- 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructpr 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the* following 
sixteen vocational subject areas: 



>Agricultu re 

Aviation 
" Building & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics , 
Engine Mechanics 



Food Service 
Mealth 

Heating & Air 
Conditioning 
Machine Shop 
Management & 

Supervision^ 
Meteorology & 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Cenie^ 
in your region for information on obtaining 
materials (e'.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials Agency 
closer to you. 
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OVERVIEW 

BASIC ELECTRICITY AND ELECTRONICS 
MODULE 30 
Interniediate Po.ver Supp'!ie3 

In this module you will learn about different types of solid state 
power supplies. You wiil learn how DC voltages are increased by means 
of voltacie multipliers and how voltaQe and current regulators work. 
You will also learn how^Silicon Controlled Rectifiers (SCR) are used to 
requlate power supplies and how to troubleshoot these device!^. 

This module has been divided into four lessons: 
Lesson 1 VoUaqe Multipliers 

Lesson 2 Transistor^ Voltage and Current Regul^ators 

Lesson 3 ^licon Controlled Rectifier Power Supply Circuits 

Lesson 4 Silicon Controlled Rectifier Regulated Power Supplies 
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OVERVIEW 
LESSON 1 

Voltage Multipliers 

In this lesson you will learn about voltage multipliers and their applica- 
tion. You will learn how voltages are increesed through the use of series 
aiding circuits and how to troubleshoot these circuits. You will also learn 
to identify schematics associated with different series aiding circuits and 
the function of the various .components which make up the circuit. 

\ 

The learning objectives of this lesson are as follows: 
TERMINAL OBJECTIVEfS): 

30.1.48 When the student complete thi% lesson, (s)he will be able to 
TROUBLESHOOT and IDENTIFY faulty components in sond^state 
voltage multipliers when given a training device, prefaulted 
circuit board, necessary test equipment, schematic diagram and 
instructions. 100% accuracy is required. 

ENABLING OBJECTIVt(S) 

When the student completes this lesson (s)he will be able to: 

X 

30. 1.48. 1 IDENTIFY the purpbse of voltage multipliers, by selecting 
the correct statement from a choice of four. Id0% accuracy 
is required. j 

30.1.48.2 IDENTIFY the schematic diagrams of half and full-wave voltage 
doubler and tripler circuits by selecting the correct name or 
diagram from a choice of four. 100% accuracy is required. 

30.1.48.3 IDENTIFY the functions of components and circuit operation of 
half and full-wave voltage doubler and tripler circuits by 
selecting the correct statement from a choice of four. 100% 
accuracy is required.. 

30.1.48.4 'CALCULATE voltage values for a given voltage multiplier circuit 

by selecting the correct value for a given output or component 
from a choice of four. 100% accuracy is required. 

30.1.48.5 MEASURE and COMPARE output voltages^ waveforms and resistance 
in voltage multiplier circuits given a training device, circuit 
boards, test equipment and proper toolls» schematic diagrams, 

and a job program contairring references for comparison. Recorded 
data must be within limit.s stated in the job program. 
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30.1.4M.6 [DENTiry the faulty <:t)(ti|)Om'riL or circuit iiiaUunction In a qiven 
voltage muUipller circuit, glvon a schematic dlayram dnd failure 
swoms, by selecting the correct fault from a choice of four. 
100% accuracy is required.* 

^V^u^ objective is considered met upon' successful completion 
of the tenmnal objective.) 



BEFORE YOU START THIS LESSON, READ THE LESSON LFARNINR OBJECTIVES AND PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEXT PARE. 
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LIST OF STUDY RESOURCES 
LESSON I 

Voltage Multipliers 

To ledrn the materials in this lesson, jyou have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Programmed Instruction 
Narrative 

Student's Guide: 
Summary 

Progress Check 

Job Program Thirty-1 "Voltaqe t^ulti pliers" 
Ti^oublesnooting Power Supplies I.S. 
Fault Analysis (Paper Troubleshooting) I.S. 
Performance Test I.S. > 

Additional Material (s): 

35 mrfi sound/slide "Thirty-1 Voltage Multipliers" 

Enrichment Materials) ^ 

NAVSHIPS 0&57-000-120, "Electronic Circuits'' Electronics Installation 
and Maintenance Book (EIMB) Naval Ship Engineering Center, Washington, 
D.C.I U.S. Government, Printing Office l!955 



YOU MAY USE ANY, OR ALL* RESOURCES bISTED ABOVE, INCLUDING THE LEARNING 
CENTER INSTRUCTOR: HOWEVER, ALL MATERIALS LISTED ARC NOT NECESSARILY 
REQUIRED TD ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK KAY BE fAKEN AT 
ANY TIME. 
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■ SUMMARY 
LESSON 1 

Voltage HuUtpliers 



In previous lessons you learned how voltages dre tncreased by the use of a 
transformer. You also learned that when voltages are increased there is a 
corresponding decrease in the curpept output. 

This lesson describes another method for Increasing voltages. The method Is 
called voltage multiplication and the circuits vfhich accomplish the multi- 
plication are called voltage multipliers. VoUage multipliers are desig- 
nated as doublers, triplers, or quadruplers depending on the ratio of the . 
output voltage to the Input voltage. 

Voltage multipliers are used to develop high DC voltage where there is a 
low current requirement. The most common use of voltage multipliers is to 
provide OC voltage for the anode of a cathode-r^y tube (CRT). Output of 
voltage UWltlpHers range from one thousand to thirty thousand volts. The 
actual voltage depencfs on the equipment application and size of the 
CRT. 

Although the Input for a voltage multiplier could be direct from the line, 
or power source, this Is not usually the case for military electronic 
equipment. Most military equipments use transformer Inputs since the 
tnansfornwr Isolates the equipment from the line arid thereby reduces the 
shock hazard. 

Voltage multipliers are made up of voltage rectifiers whiclTyou are 
already familiar with. The rectifiers may be either full-wave or half- 
wave, depending on the circuit requirements. You recall that full-wave 
rectifiers are used when better voltage regulation is needed and that 
full-wave rectification results in a reduction In the output ripple ampli- 
tude and an Increase In the, ripple frequency. 

The schematic shown In Figure 1 is titat of a half-wave voltage doubler. . 
Close examination and study of the schematic will reveal that the doubler is 
In fact made up of two half-wave voltage rectifiers. CI and CRl make up one 
rectifier an^ C2 anTTRS the other. 



figure 1 
HALF-WAVE VOLTAGE OOUBLER 
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Summary Thirty-1 

When the top of the secondary winding of the transformer Is negative, 
CRl IS forward biased, allowing CI to charge to the peak value of the 
input voltage or 200 volts. When the top of the secondary winding of the 
transformer becomes positive, CR2 Is forward biased and CR7 Is reverse 
biased. At this time a series- circuit exists consisting of CI, CR2, C2 
and the ^secondary of the transformer. The secondary voltage of the 
transformer now series aids the voltage on CI and results In a pulsating 
DC voltage of 400 volts as shown by the wave-form. 

If you do not understand how a half-wave voltage doubler works after 
studying the schematic in Figure Land reading the expla.nat1on, you 
should consider an alternate mode of instruction. This lesson Is also 
covered by narrative, programmed instruction, and tape/slide. 

Figure 2 shows the schematic for a half-wave voltage tripler* 




^ ^ HALF-WAVE VOLTAGE TRIPLER 



The circuitry for the tripler is idientical with that of the doubler 
except for the addition] of C3, CR3, and R2. (Considered separately, these 
components function as a. f^alf-wave rectif ier.\ Wffen the top pf the secondary 
of the transformer is negative, CR3 is forward biased and functions as a 
closed switch. This allows both CI and C3 to charge to a peak voltage of 
200 visits. When the top of the transformer secondary Is positive, C2 is 
charged to 400 volts as a result of the voltage doubling of the transformer 
secondary and CI. C2 and C3 now function as series aiding capacitors and 
discharge with^ resultant voltage of 500 volts across the resistive load 
Rl- Note that the values of RI and R2 are proportional to the voltages 
of C2 and C3, or in this, case, a 2 to 1 ratio. Study the schematic to 
make sure you understand how the voltage tripler works. 



The schematic shown in Figure 3 is that of a full-wave voltage doubler. 
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FULL-WAVE VOLTAGE OOUBLER 



When you examine the schematic you see that the circuif^s in fact made 
up of two half-wave rectifiers. These rectifiers function as series 
aiding except in a slightly <Jifferent way. During the alternation when 
the secondary of the transformer, is positive at the top, capacitor CI 
charges to 200' volts through CRl. Then, when the transformer secondary 
is negative at the top, C2 charges to 200 volts through CR2. Rl and R2 
are equal value balancing resistors which stabilize the charges of the 
two capacitors. Resistive load Rl is connected across CI and C2 so 
that it receives the total charge of both capacitors. The output voltage 
is +400 volts when measured at the top-of-Rt^ or point "A" with respect 
to point "B*". If the output is measured at the bottom of Rl it is -A06 
V. Either way the output is twice the peak value of the AC secondary 
voltage. As you can see the possibilities for voltage multiplication are 
almost limitless. 

AT THIS POINT, YOU MAY TAKE THE IeSSON PROGRESS CHECK./ IF YOU ANSWER 
ALL SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE^JOB PROSRAM. IF YOU IN- 
CORRECTLY ANSWER ONLY A FEtf OF THE PROGRESS CHECK QUESTIONS, THE CORRECT 
ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PAflAGRAPHS, OR 
FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS LESSON YOU ARE HAVING 
OIFFICUlTY WITH. IF YOU FEEL THAT YOU HAVE FAILEO tO UNOERSTANO ALL, OR 
MOST, OF THE, LESSON,, SELECT ANO USE ANOTHER WRITTEN MEOIUM OF INSTRUCTION, 
AUOrO/VISUAL MATERIALS (IF APPLICABLEi, OR CONSULTATION WITH LEARNING 
CENTER INSTRlftTpR, UNTIL YOU CAD ANSWER ALL SELF-TEST ITEMS ON THE 
PROGRESS CHECK CORRECTLY. 



9 




p. I. 



Thirty-! 



PROGRAMMED INSTRUCTION 
LESSON 1 

Voltage Multipliers 



TLST FRAMES ARE 4, 13, 17, AND 2^1. PROCEED TO TEST FRAME 4 FIRST m 
SEE IF YOU CAN ANSWER THE QUESTION. FOLLOW DIRECTIONS GIVEN AFTER THE 
TEST FRAME. 

You know AC voltage can be stepped up (increased) by use of a 
transformer and that the amount of increase depends on the ratio of 
the primary v/inding to the secondary winding. Se^ Figure 1. 



100VAC 



lOOVMC 





200VAC 




300VAC 



figure i ^/ 

STJPPING UP AC VOLTAGES 

In most equipment applications AC is converted to DC by means of a power 
supply. See Fi5UT*e^ 2. 



I 



TRA NSFORME R 'VX 200 ^ 

— / \vAc _r 

1:2[1_VJ 



100VAC IN 



POWER 
SUPPLY 



200VDC OUT 



figure 2 

AC TO DC 



* Circuit will work with or without phase inv^5.1on. 
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P.I* ^ Th1rty-1 

As you kn OH power supplies with transformer Inputs use either half-wave 
or full-wave voltage rectification to provide the DC output. The type 
of rectifier that is used depends on the equipment design and.^pplica- 
tion. 

This lesson describes another method of increasing voltages. The 
method is called voltage multiplication and the circuits which accomp- 
lish this multiplication are called voltage multipliers. See Figure 



3. 



100VAC PEAK MPUT 



VOLTAGE 
MUmPl_IER 



400VOC OUTPUT 



figure 3 
VOLTAGE MULTIPLIER 
A vuUdfie multiplier performs the satne function as a: 



a. step-down transformer power supply. 

b. step-up transformer power supply. 

c. fuiUwave rectifier power supply, 
d* v6ltage regulator power supply* 



c 




step-up transformer power supply 




P.I. 
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(z^ JioMage multipliers are classified as voltage doublers, 
triplers or qiiadruplers depending on the relationship of the output 
voltage to the 4nput voKage. See Figure 4. . . 



100V 



figure 4 
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DOUB' ER 




■ 

if 




VOLTAGE 
TRIPLER 
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VOLTAGE 
QUADRUPLER 
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200VDC 



-^^OOVDC 



400V DC 



TYRES OF VOLTAGEJ^ULTIPLIERS 

The classification of a voltage multiplier depends on the: 

a. relationship of the output voltage-^o the input voltage. 

b. output voltage of the voltage multiplier. 

c. input voltage of the voltage multiplier. 

d. ;voHage requiretnents of the circuit. 



.J. 
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a. relationship of the output voltage to the input voltage 
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Vnll.ivjr mull i|>I icT*: Jfi* ijMvt fu iirMr i ly H> i)fWf*ln|i hi'ih volliii|r<; 
v/lu*rr f.hrr i* \\ ii h)W ciirretil rf**iun'MriiMil « \hv imist codiinori appllc^iUon 
of tho hi(]h viiU,l<)(> outpnt of <i vt)lt.a<i(' iiiiiUii)11rr is the nnotjc of 
a catfiO(je-r.)y l.iiho (CUT). Snc I igure ^. Volt..ii)f' mult. ipl irr*; ';iipitly 
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?A. Thirty-1 

anode voltages for radar scope presentations, oscilloscope presentations, 
dnd TV iiicture i.nbes. The recpnrefl voltafies range from one thousand to 
I h I rl.y V hiiii\niiil vi» H I hi' .i< \ I viii I *'tu** r-iM[tj i rrnuMil r|0|M'rul^ iu\ t hp 
si/c 1)1 lln' CUl <1H(1 ILr. icjt inn. 
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AC INPUT- 



figure 5 



VOLTAGE 
MULTIPLIER 



TYPICAL APPLICATION OF A VOLTAGE MUUIPLIER 



The purpose of a voltaoe multiplier Is to convert values'of AC voltaoe 
Into higher values of DC. As voltages are increased in voltage multiplier 
circuits there is a corr^spondi n^i decrease in current output. You 
recall that this is also true when transfonnor^ aro used to increase 
voltages. 

When voltage multipliers are used to Increase voltages there is 

in current output. 

a. an Increase " 

b. no change \ 

c. a decrease 



c. a decrease 



13 



^0 



Thirty-1 



© 



TEST FRW^E 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN AT 
THE TOP OF TWE NEXT PAGE} ' / 

The function of a vnltaqe multifilier is to producr a/an; 

a. DC output voUaye that is a multiple of the peak AC Input 
voltage. 

b. . multiple of the AC input voltage. 

c. AC voltage greater than 5000 VAC. 

d. low DC voltage which i$ then converted to high voltage^-* 



1/1 



a loose connection can 
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a.- DC output voltage that is a multiple of the peak AC input 
voltage [ 

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEST FRAME 13 

OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE- 

TAKING TEST FRAME 4 AGAIN. 

^ The AC input voltage for a voltage multiplier may be supplied 
directly from the power source or li^ie, or from a transfonner. While 
the Input coutd be direct from the line this creates a potentially 
hazardous condition. Use of a transfonner isolates the equipment from 
the line and reduces the hazard. MoSt military equipments use transformers 
as power sources for voltage multipliers. 

* \ 
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. Thirty-I 

TIh* hrinwry ddvanl<i<|(f of usimi a I ransfoniH^^ a powor <;onrc<> for <i 

f 

vnltage niulti|)li(*r is it: 

a. results in an increase in power output 

b. supplies a fiiore reliable source of input voltage 

c. isolates the equipment from the line and reduces potential electrical 
hazards 



~m It isolates the equipment from the line and reduces potential 
electrical hazards 

(b^ The multiplier schematic shown In Figure 6 is. that of a half- 
wave voltage doubler. It is called a doubl&r because the multi- 
pner*s output voltage is twice that of the transformer peak secondary 
voltage. Since the output capacitor is charged on^ly once^^ring each 
input cycle the multiplier is called a half-wave voltage doubler. 



CRo - 

yr 




figure 6 



HALF WAVE VOLTAGE DOUBLER . 
A voltage multiplier which uses half wave rectification to increase 

output voltage to twice the peak input voltage is called a 

voltage doubler ^ 



half -wave 
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P.I. Thirty-l 

The half-wave voltage doubler shown in Figure 7 is made up of two 
half-wave voltage rectifiers. CI and CRl make up one half-wave rectifier 
and C2 and CR2 make up the other rectifier. To help you understand the 
schematic^ one of the half-wave rectifiers is shown with solid lines and 

the other with broken lines. 

Ci ,200V 
1:29 - K y-f-^^--- 



lOOV- 

ov 








-<? m 



figure 7 
HALF-WAVE VOLTAGE POUBLER 



A half-wave voltage doubler is made up of 
rectifiers. 



half-wave voltage 



two 

'B^ Look at the schematic shov/n in Figure 7. Notice that the toP 
of the secondary is negative (-) and the bottom is positive (+). 
During this time CRl is forward biased and functions as a closed 
switch allowing CI to charge to the peak value of the input voltage or 
200 volts. 

When the top of the transformer secondary" is negative^ CRl functions as 

a/an switch and allows CI to charge to v olts. 

. a. open» 20(1 
h. closed, 



b. closeVu ?nn 
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When Ihc iK>l.iril.y ,Kr<>^s the '.fctinddry of 1 ht; t,ran*.tt)niipr i*; 
reversed dS shown in I iqury Ji» I hr tcip ot ihi* v.'CotKiary positivf 
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figure 8 " ' 

KALF-WAVE VOLTAGE DOliBLnR 

Because the top of the secondary winding is now positive, CR2 is forward 
biased and CRI is reverse biased « 

When the top of the secondary winding of the transformer 1s positive,'' 
CR2 is biased and CRI is biased* - 

a. forward, reverse 

b. reverse, forward 



a. forward, reverse 
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\10J With CR2 forward biased and CRl reverse biased, a series circuit 
exists consisting of CI, CR2, C2, and the secondary of the transformer. 
Current now flows as shown by the arrows in Figure 9. 




figure 9 — 

CHARGING 02 

The secondary of the transformer is nOw series aiding the charge on 
CI and results in a 400 volt pulsating DC output as shown by the output 
wavefonn* When the top of the transformer secondary is positive, the 
secondary of the transformer CI and results in 

a 



voTt pulsating DC output* 



series aids, 400" 



11^ The effect of series aiding is comparable to connecting two 
200 volt batteries in series £s shown in Figure in. 



OUTPUT 



lU 



,200V 



figure 10 
SERIES AIDING VOLTAGE SOURCES 
The series aiding output voltage of Figure 10 is 



volts. 



4(10" 



2? 
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^KjJ l itiwrH n i'l •! iiioclifipd 5;chf*iiutir for llio tidU-w^ivr vol1.<t(|(* ilnuhh^r 

rxt)ldjnwt in this losson. The difterenc(* K rhat halle»Mos havo tinon 

suhstRutfid for the transformer soconrlary and capacitor CI. Thesp 

Cilleries are shown as equivalents in Figure II. 

Oi Equivalent 

Input 

Equivalent -^^^^ 
I -=-200V 




Tranaformer I 



figure 11 

SERIES AIDING SOURCES CHARGING C2 , 

Tile series aidlng^shown in Figure II results in capacitor C2 charging to 
the sum of the voltages across CI and the transformer secondary. This 
results in an output voltage across Rl of 400 volts. 
As a result of CI and the transformer secondary series aiding, C2 
charges to volts. 



400 



^ THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND THEN COMPARE 
YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON PAGE 27. 

1. The purpose of a voltage multiplier is to convert peak values 
of AC into _^ values of DC. 

2. When voltages are increased througl» the use of voltage multipliers 
there Is a in current output. 
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3. Transformers are used as power sources for voltage multipliers 

because the transformer ^ the equipment from the line, 

thereby reducing the electrical hazard* 

4. A voltage multiplier, which uses half wave rectification to increase 
the output voltage to twice the input voltage, is called a . 

5. A half-wave voltage doubler is made up of 
voltage rectifiers* 

Answers to the following questions depend on your unders;.andi ng of 

the schematic shown below and knowledge of how each component functions. 




6. When the top of the transformer secondary is negative, diode 

CRl functions as a/an switch and allows capacitor CI 

to charge to volts. 

a. open, 200 
b* closed, 200 

7. When the top of the transformer secondary is positive, diode 
GR2 functions as a/an switch. 

a. upen 



p.l. 
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fi. When the Lo|» of Lhe '.ccfind.iry wintlino nf tUc transformer H positive, 

CHy. is biased ami CMl is biased. 

fi. forward, reverse 
b. reverse, forward 
9. During the negative input alternation^ the secondary of the 

transfonner CI and results in a 

volt DC output. 



COMPARE YOUR ANSWERS TO THE CORRECT ANSWERS GIVEN ON THE NEXT PAGE. 
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Now lets examine Figure 13 to determine how the addition of the 
half-wave rectifier results in voltage tripling. 




figure 13 ,r 



CR3 



Output 



HALF-WAVE VOLTAGE TRIPLER 
When the transformer secondary is negative at the top, as shown in 
Figure 13, CR3 is forward biased and operates like a^closed switch. 
Current now flows as shown by the arrows and CI and C3 charge to 200, 
volts. Notice that at this tine diode CR2 is reverse biased and there- 
fore capacitor C2 cannot charge. 

When current flows as indicated by the arrows in Figure 13, CRl and CR3 

^■"^ and operate like a switch allowing CI 

and C3 to charge. 



forward hr rriwr," cTosnif 



3j 



26 



P.I. j. Thirty-I 
4.^ jfour understtindi ny of half-wdve voltafin doiihlors will now help you 
underklarKl how voUaye triplers work. Figure I? shows the schematic 
didcjrani for a volt^age tripler.- 




:CR, 



1^ 



fl0un 12 ! 



1^ ■ 




VOLTAGE TRIPLER 

Notice that the schematic is identical to that of the half-wave voltage 
doubler except for the addition of components and circuitry shown with 
the broken lines. Of course, if you remove the ad^ed circuitry you 
will have a half-wave voltage doubler remaining. 
The addition of another half-wave voltage rectifier to a half-wave 
voltage doubler creates a voltage tripler. 

If a half-wave voltage rectifier is added to a half-wave voltage double 
the. resulting circuit is a voltage . 



tnpler 
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DEADLY TEACHER 
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uvJ Now let's see what happens when the top of the transformer secondary 
is t>ositive. Study the schematic shown in Figure 14^ paying particular 
attention to the current flow shown by arrows. 




HALF-WAVE VOLTAGE TRIPLER ^ . 

Mien the top of the transformer secondary is positive^ diode CR2 is 
forward biased aod C2 charges to twice the Input voltage or 400 volts. 
This is the result. of the voltage doubling action of the transformer 
secondary and CI. At this time C2 and C3 function as series aiding and 
the total output increases to the sum of their voltages or 500 volts. 
When C2 and C3 function as series aiding^ the total output voltage Is 
volets. 



600 
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1. Forward biased^ closed 

2. 200 

3. Forward biased^ 400 

4. Series elding, 600 

IF ALL YOUR ANSWERS MATCH GO ON TO TEST FRAME 24. OTHERWISE, GO BACK TO 
FRAME 14 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 
AGAIN. 

(l8^ You now understand how ha^f-v/ave voltage doublers and triplers work 
and how the varioi'S components contribute to the final output voltage. 
You also remember that some equipments use full-wave voltage rectifiers 
and multipliers. Instruction in the next several frames Is concerned 
with full-v/ave voltage multipliers. 

A fuU'wave voltage doubler has the advantage of better voltage regula- 
tioti due to a reduction in the output ripple amplitude and an Increase 
in the ripple frequency. 

The main advantage of a full-wave voltage doubler is 



better voltage regulation or something to that effect 
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^ TEST FRAME 

THIS IS A TEST KRAME. STUDY THE SCUEMATIC SHOWN IN FIGURE 15 ANO ANSWER 

rifl" ounsTiONs which follow. y 




+ 



CR3 



+ 



R2 




figure 15 



I.' When the top of the transformer secondary Is r»egative, as shown In 
Figure 15, CR3 Is and operates like a 



switch. 



2. During this time, CI and C3 charge to 



volts. 




flour* 16 
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+ 
C2 



:ri 



+ 

?C3 



Output 



R2 



3. When the top of the transformer secondary is positive, as shown in 

Figure 15, CR2 is ^ allowing C2 to charge to 

voHs. 

4. C2 and C3 function as voltage sources 

to provide a volt output voltage. 

COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS GIVEN ON THE TOP OF THE NEXT 
PAGE 

29 
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^2L) Look at Figure 18. When the transformer secondary is polarized as 
shown, CRl is reverse biased and CR2 is forward biased* With CR2 forward 
biased, a series circuit i$ created* The circuit consists of the transformer 
secondary, ,CR2 and C2. Cur»^nt frows as shown in the schematic and C2 
charges to its maximum potential of 200 volts* 



100V- 

ov- 

100V 



figure 18 




CHARGING C2 

When the top of the transformer secondary is negative, as shown in Figure 
18, C2 charges to its maximum potential of volts* 



Too 



3? 
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The schematic shown in Figure 17 is that of a full-wave voltage 
(loubler. When y«n 'J.ijd[y the schwnatir you see t.hat the circuit is in 
fat:l iiidtif u|i Df two halt-wdve vt)1li)t)(? rectifiers. 




figure 17 



4- 



R2 



OUTPUT 



" FULL -WAVE VOLTAGE DOUBLER 

A full-wave voltage doubler Is made up of 

rectifiers. 



half^wave voltage 



two 

V 

As you study Figure 17 notice that both CRl and CR2 are connected to 
the transformer secondary at the saine point. Remember th1s» since It "is 
a feature of all full-wave rectifiers and serves as a method of Identifying 
or recognizing full-wave voltage doublers. Notice also that the capacitors 
ore connected In parallel with the output load. 

^ ) 

no response required 
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The schematic shown in Figure 20 shows what happens at the conclu- 
sion of one complete input cycle. 



lOOV- 

ov 

100V 



^3 




figure 20 



.9^ 



+ 

200V 



400V 
OV- 



OUTPUT 



200V y i V 



FULt WAVr VOLTAGE DOUBLER 

Notice that both capacitors have been charged to thSiXr maximum potential 
of 200 volts. They now discharge through equalizing resistors Rl am! H? 
and the circuit load Rl* Because the capacitors operate as series aiding 
the output voltage is equal to the sum of their potential or 400 volts. 
When C] <'nd C2 series aid the output voltage is equal to 
volts. 
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(^jf^ You have probably already concluded that when the transformer 

secondary Is-polartzed as shown in Figure 19, CRI and CR2 have opposite 

polarities. In other words CIM i'; now forvard hiasod or clo?;f^ft, ,ind CM? 

i\ rovorsn hitiS(?(I or npon. A %rrif-> circuit is now rrr^dAvl rfur^i^jinq of 

thL> second<iry of transformer Tl, C] and CRl. 




CHARCINH CI 



CI now charges to its maximum p6l^;ntifil of ?0n volts as shown on the 
schematic* Stud[y Figure 19 to make sure you understand the current flow 
associated with charging the capacitor. 

When the top of the transformer secondary is positive, CRl is 

bused and CR2 Is biased. 

a. forward, reverse 

b. reverse, forward 



a. forward, reverse 
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1. full-wave voltage doubler 

2. to the transfonner secordary at the same place or something to 
that effect 



3. CI, 200 

4. reverse, forward 

5. series aid 

6. 400 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETE THE PROGRAMMED 
INSTRUCTION FOR LESSON I , MODUU THIRTY. OTHERWISE GO BACK TO FRAME 18 
AND TAKE THE PROGRAMMED SEQUENCE RIIFORE TAKING TEST FRAME 24 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM.. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER 
PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO 
THAT YOU CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY 
WITH. IF YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE 
LESSON, SELECT AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL 
MATERIALS (IF APPLICABLE), OR CONSULTATION WiTfl LFARNiNG CENTER INSTRUCTOR, 
UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THf PROGRESS CHECK CORRECTLY. 
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?y THIS IS A TEST rRAMT. COMPAUl YOUR ANSWI:RS TO TlIF QUESTIONS WITH 
llfl MSWIRS filVEN AF THE TOP 01 [III NI.XT PAGL 

The questions which follow depend on your understanding of the circuitry 
shown In Figure 21. Study the schernatic before attempting the questions. 




1. The schematic shown In Figure ?1 is that of a 

2. One of the chiracteristics of this type of circuit that hoth 
diodes are connected : . 

3. When the top of the transformer secondary is positive, 

charges to its maximum potential of volts. 

4. When the top of the transformer secondary is negative^ CRl is 

biased and CR? is Incised. 

5. The total output voltage equ<il^ the sum of the votlijoes dcro*;^ 

CI and C2 because the capacitors 

each other. 

6. The output voltage of the circuit shown is VDC. 



\ 

\ 
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The schematic diagrams in this lesson show a transformer input even though for 
some applications a transformer is not necessaf7* As you know the Input could 
be direct from the power source or line. This, of course, does not fsolate 
the equipment from the line and creates a potentially hazardous condition. 
Most military equipments use transformers to minimize this hazard- 



Figure 1 shows the schematic for a half-wave voltage doubler, 




Figure 1 

HALF-WAVE VOLTAGE DOUBLER 

Notice the similiarities between the schematic and that of half-wave voltage 
rectifiers which you are already familiar with. The doubler shown is in 
fact made up of two half-wave voltage rectifiers, CI and CRl make up one 
half-wave rectifier and C2 and CR2 make up the other. The schematic of the 
first half-wive rectifier is shown with dark lines In Figure 2. The dotted 
lines and ass^ociated components represent the other half*wave rectifier and 
load resistor. 




Figure 2 
RECTIFICATION ACTION - CRl 
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NARRATIVE 
LESSON I 

Voltage Multipliers 



In previous lessons you learned how a transformer functions to increase or 
decrease voltages* You also learned that a transformer secondary may 
provide one or several AC voltage outputs and that these voltages may be 
greater than or less than the input voltage* You also learned that when 
voltages are stepped up there Is a corresponding decrease in current^ and 
that w^en voltages are stepped down the current Is increased. 

This lesson describes another method for increasing voltages* The method 
and circuitry Is called voltage multiplication* Voltage multipliers are 
used primarily to develop high voltagesX^ere low current is required* The 
most conman application of the high voltage outputs of voltage multipliers 
is the anode of cathode-r^y tubes (CRT) used for radar scope presentations^ 
oscilloscope presentations, or TV picture tubes* The DC output of the 
voltage multiplier ranges from one thousand to thirty thousand volts* The 
actual voltage depends upon the size of the CRT and its equipment applica- 
tion. 

Voltage multipliers may also be used as primary power suj^lies where a 
117 VAC input is rectified to pulsating DC* This DC output voltage may 
be increased, (through use of a voltage multiplier) to as much as 1000 
Vl)C. This voltage is generally used as the plate or screen grid voltage for 
electron tubes* . 

When you studied transformers you learned that when voltage is stepped 
up, the output current decreases* This Is also true of voltage multi- 
pliers* Although the measured output voltage of a voltage multiplier 
may be several times greater than>the input voltage, once a load is connect- 
ed the value of the output voltage decreases* 

Also any small fluctuation of load impedance causes a large fluctuation 
in the output voltage of the nwltiplier. For this reason, voltage multi- 
pliers are only used in special ^plications where the load is constant and 
has a high impedance or where input voltage stability is not critical* 

Voltage multipliers may be classified as voltage doublers, triplers, or 
quadruplecs-. The classification depends on the ratio of the output voltage 
to the input voltage* For €xample» a voltage multiplier that increases the 
peak input voltage twice is called a voltage doubler* Other voltage multi- 
pliers are designated as triplers or quadruplers depending on the voltage 
increase ratio* Voltage multipliers Increase voltages through the use of 
series aiding^ voltage sources* This I5 comparable to connecting dry cells 
in series* 



c 



37 

■i4 



Narrative 



Thirty-1 



The effect of the series aiding is comparable to connecting two 200V batteries 
in series. As shown in Figure 4, C2 charges to the sum of these voltages, 
or 400 volts. 



I *l 

Input r — 

Tranoformer 



Ci Equivalent 
^200V 



L 



Uoov 1 



Figure 4 
SERIES AIDING SOURCES 



/ 




Figure 5 



HALF WAVE VOLTAGE TRIPLER 

The schematic shown in Figure 5 is a schematic for a half-wave voltage 
tripler. 

When you compare Figures 4 and 5 you can readily see that the circuitry 
is identical except fpr the additional parts/components and circuitry shown 
with dotted lines. CR3» C3 and R2 make up the additional circuitry. Ry 
themselves these components make up a half*wave rectifier. Of course* if 
you remove the added circuitry you <i<|<iin havp a half-wavp voltage douhl^r. 
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As you studty Figure ? you see that CI and CRl work exactly like a half-wave 
rectifier. During the positive alternation of the Input- cycle the polarity 
across the secondary windinq of the transformer is as shown in Figure 2. 
Note particularly that the top of the secondary 1s negative. At this time 
CRl Is forward biased {cathode negative In respect to the anode). This 
causes CRl to function like a closed switch. This allows current to follow 
the path indicated by arrows on the schematic and causes CI to charge to the 
peak value of the Input voltage or 200 volts with the polarity shown. 

During the period when the Input cycle Is negative as shown 1n Figure 3, the 
polarity across thfe secondary, of the transfonner Is reversed. 




Figure 3 
RECTIFICATION ACTION - CR2 

Note specif Ically that the top of the secondary winding is now positive. 
This condition now forward biases CR2 and reverse biases CRl. A series 
c^rult now exists consisting of CI, CR2, C2 and the secondary of the trans- 
former. 

Study the current flow shown with arrows. The sepondary voltage of the 
transformer now aids the voltage on CI. This results in a pulsating 
DC voltage of 400 volts as shown by the waveform. 
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Figure 8 

FULL-WAVE VOLTAGE DOUBLER 

The circuit shown in Figure 8 is that of a fuM-wave voltage doubler* 
The main advantage of a full-wave doubler over a half-wave doubler is better 
voltage regulation, due to a reduction in the output ripple amplitude and an 
increase in the ripple frequency. 

As you examine the schematic you see that the circuit is in fact two half-wave 
rectifiers. These rectifiers function as series aiding except in a slightly 
different way. 



Vs. 



ov 

lOOV 



^3 



. Figure 9 
FULL -WAVE VOLTAGE DOUBLER 




400V. 



ov- 



During the alternation when the secondary of the transformer is positive at 
the topcJcharges to 200 volts through CRI. Then, when the transformer 
secondary is negative at the top, C2 charges to 200 volts through CR2. Rl 
and R2 are equal value balancing resistors which stabilize the charges of 
the ^wo capacitors. Resistive load Rt. is connected across CI and C2 so 
that it receives the total charge of both capacitors. The output voltage is 
HOC volts when measured at the top of Rl or point *'A" with respect to 
point B". If the output is measured at the bottom of Rl it is -400 V. 
Either way the output is twice fhe peak value of the AC secondary voltage. 
As you can see the possibilities for voltage multiplication are almost 
limitless. 
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Now look at Figure 6. This figure shows the schematic for the voltage 
tripler. When you study the schematic notice that CR3 is forward biased and 
functions like a closed switch. T+iis allows C3 to charge to a peak voltage 
of 200 volts at the same time CI is also charging to 20D volts. 



100V—, 

ov 



H200V ^cRj 




Figure 6 
VOLTAGE TRIPLER 

Look at the other half of the input cycle in Figure 7. C2 is charged to 
twice the input voltage or 400 volts as a result of the voltage doubling 
action of the transformer and CI. At this time C2 and C3 function as series 
aiding and the output voltage increases to the sum of their respective 
voltages or 600 volts. 

Rl and R2 are prt^ortional according to the voltages across C2 and C3, or in 
this case a 2 to 1 ratio. 
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Figure 7 
VOLTAGE TRIPLER 
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AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS,. OR FRAMES SO THAT YOU 
CAN RESTUOY THE PARTS OF THIS LESSON YOU ARE HAVING OIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTANO ALL, OR MOST, OF THE LESSON,. SELECT 
ANO USE ANOTHER WRITTEN MEOIUK OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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30.2.49.6 IDENTIFY the schematic diagrams of voltage comparator and Darlington 
amplifier circuits by selecting the correct name or diagram from 

a choice of four. lOOt accuracy is required, 

30.2.49.7 IDENTIFY the function of components and circuit operation of 
voltage comparator and Darlington amplifier circuits by selecting 
the correct statement from a choice of four, rOOIG accuracy is 
required. 

30.2.49.8 CALCULATE the current gain for a given Darlington amplifier 
circuit by selecting the correct value from a chtfi-ce of four, 
I007o accuracy is required. 

30.2.49.9 IDENTIFY the schematic diagram of practical current regulator 

and jrurrent liinlter circuits by selecting the correct name of the 
diagram from a choice of four. 100% accuracy is required. 

30.2.49.10 IDENTIFY the purpose of current regulators and current limiters 
by selecting the correct statement from a choice of four. 100% 
accuracy is required, 

30 . 2,49.11 IDENTIFY the function of components which malce up the individual 
circuits within a cwnplete transistor type voltage regulating 
device given a schematic diagram of the device. 

30.2.49.12 MEASURE and COMPARE current and voltage outputs in voltage and 
current regulator circuits given a training device, circuit 
boards, test equipment and proper tools, schematic diagrams and 
a job program containing references for comparison. Recorded 
dita must be within limits stated in the job program. 

30.2.49.13 IDENTIFY the faulty component, or the circuit malfunction, in a 
given voltage and current regulator, given a schematic diagram 
and failure symptoms, by selecting the correct fault from a 
choice of four. 1005 accuracy is required. 



Footnote: * These objectives are considered met upon successful completion 
of the terminal objective. 



BEFORE YOU START THIS LESSON, READ THE LFSSON LEARNING OBJECTIVES ANP PREVIEW 
THE LIST OF STUDY RESOURCES ON THE NEXT PAnE. 
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OVERVIEW 
LESSON 2 

Transistor, Voltage^ and Current Regulators 



In this lesson you will learn about voltage and current regulating devices 
and how the regulators operate to maintain constant outputs. You will also 
learn how these regulating devices operate Independently and together to 
maintain circuit stability* You will also become familiar with each circuit's 
schematic and learn to Identify faulty circuit components* 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTIVE(S) : ' 

V 

30.2.49 Mien the student coR^letes this lesson. (s)he be able to 
TROUBLESHOOT and IDENTIFY faulty components and/or circuit, 
malfunctions of a complete reQulating device when given a 
prefaulted circuit board, schematic diagram, necessary test 
equipment, and Instructions. lOOS accuracy Is .-squired. 

ENABLING OBJECTIVES: 

When the student completes this lesson, (s)he will be sble to: 

30*2,49*1 IDENTIFY the purpose of voltage and current regulators by 

selecting the correct statement from a choice of four, lOOt 
accuracy is required* 

30*2*49,2 IDENTIFY the schematic diagrams and operating charact«flst1cs of 
simplified basic series and shupt voltage regulator circuits by 
/selecting the correct name or statement fr-om a group of four* 
lOOX accuracy Is required. 



30.2.49.3 IDENTIFY the schematic diagrams of practical series, shiint, and 
variable shunt voltage regulator circuits bX selecting the 
correct name or diagram from a choice of four, lOOX accuracy Is 
required* 

30.2.49.4 IDE.NTIFY the function of components and circuit operation of 
practical series, shunt, and variable shunt voltage regulator 
circuits by selecting the correct statement froaa choice of 
four, low accuracy Is required* ^ 

30,2,49.6 IDENTIFY the function of voltage comparator and Darlington 

amplifiers within voltage regulator circuits by selecting the 
correct statement from a choice of four* 100% accuracy is 
required. 
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SUMMARY 
LESSON 2 

Transistor^ Voltage and Current Regulators 



This lesson covers circuits which are designed to regulate ant? niaintain a 
constant voltage and current output and are called either voltage or current 
regulators depending on their purpose* Many are designed to maintain 
voltage or current outputs within plt/s or minus (*) OA percent* 

The two types of basic voltage regulators ire series and shunt. The classi- 
fication of the regulator depends on how it is connected in the total 
circuit. Series regulators are corrected in series while the shunt type 
regulator is connected in parallel with the output load resistance. This is 
a basic concept that you should keep in mind as you complete this lesson, 

A simple series type voltage regulator schematic is shown in Figure 1, 
Voltages are shown to help explain how the regulator works and enable you to 
understand the regulator's operation mot^^ readily. 
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Figure 1 
SERIES TYPE VOLTAGE REGULATOR 



Ql is used to regulate the voltage and functions in much the same way as a 
variable resistor would function. The main advantage of using the transistor 
i$ that it responds almost Instantaneously to changes in input voltage or 
load current. The Zener diode CRl blocks ct/rrent flow until the applied 
voltage reaches or exceeds the Zener or bt^eak down voltage and provides a 
reference voltage for the base of Ql, Since Ql is a series dropping device 
all current from the power supply flows through it* Ql compensates for 
increases and decreases in Input voltage and load current by changing its 
forwerd bias and resistance. With a 15 volt input voltage and a 10 volt 
Zener voltage, the regulated DC output is 9,4 volts, .This results in a 0,6 
volt voltage drop between the base and emitter of Ql, 
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im Of MunntrsoijRccs 

Transistor, VoT-tage and Current Regulators 



To help you learn materials in this lesson, you have the option of choosing, 
according to your experience and preferences, ai\y or all of the following 
study resources: 

Written Lesson presentation in: 

^fodu1e Booklet: 

Sutiinary 

Programmed Instruction 
Narrative 

Student's Guide: 



Sunmary 

Progress Check 

Job Prooram Th1rty-2 "Transistor, Voltage and Current Regulators" 

Troubleshooting Transistors I.S.. 

Fault Analysis (Paper Troubleshooting) I.S. 

PerfDmance Test I.S. 



Additional Mater1al(s}: 

35 urn sound/slide, ''Thlrty-2 Transistor, Voltage and Current Regulators" 

Enrichment Materials): 

NAVSHIP 0957-000-0120 "Electronic Circuits", Electronics Installation and 
Maintenance Bo ok (EIHB), Naval Sfilp Engineering center, Washinton, O.C.: 
U.S. Government Printing Office, 1955. 



YOU KAY USE AMY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
CEfTTER INSTRUCTOR. HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY 
REQUIRED T& ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE TAKEN AT 
ANY TIME. 
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With a 10 volt outfUit voltage and Zener voltage of 9*3 volts the voltage 
drop across Rl Is 5*7 volts as long as the circuit is providing a 15 volt 
input.- Rs is the key component of this circuit because CRl and Rl are 
connected in parallel with the load and any change in voltage Is also 
reflected across Rl. Any change in voltage drop across Rl results in a 
change in the forward bias of Ql and therefore a change in the amount of 
current that Is allowed to flow through the transistor. A good technique to 
help you understand and remember how the regulator compensates for changes 
in voltage is to substitute values that are different from those shown on 
the schematic arid make the necessary mathematic conputations* 

Changes in load current are compensated for by Rs and Ql. For example, an 
increased load current results in an increased voltage drop across the 
series dropping resistor Rs. This action reduces the forward bias for 
Ql. Ql compensates by increasing its resistance thereby reducing the amount 
of current th^t flows through it. Since less current flows through the 
transistor more current is allowed to flow through the load resistance. 
This returns the voltage dnipyacross Rs to its former state. The components 
operate in the opposite way when the load current decreases. 
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Figure 2 



SHUNT TYPE VOLTAGE REGULATOR 
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Hoinentary^ increases or decreases In input voltage result in momentary 
changes in output voltage, Ql compensates b>; increasing or decreasing -its 
resistance^ and the voltage drop changes in accordance with the amount of 
the transistors forward bias. In this way the transistor maintains a 
constant output voltage. 

Again refer to the schematic. When the load current changes there is a 
change in voltage drop across RL, This results in a change in the voltage 
drop across Ql and the transistor compensates for changes in load current in 
much the same way that it compensates for changes in input voltage. Before 
proceeding further make sure you understand how the circuit shown compensates 
for increases and decreases in input voltage and load current. 

The schematic for a shunt type voltage regulator is shown in Figure 2, 
Except for the addition cf resistor Rs the components of this circuit are 
identical with those of the series regulator. The other difference is the 
regulating device is connected in parallel with the load resistance. Note 
thai the series dipping resistor Rs is connected 1n series with the load 
resistance and that CRl and limiting resistor RI function as a voltage 
divider to provide a constant DC potential to the base-collector of Ql, 
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Figure 2 
SHUNT TYPE VOLTAGE REGULATOR 



49 



Summary 



Thirty-2 



Figure 4 is the schematic of a circuit which you win encounter quite 
frequently and is called a Darlington type amplifier. 
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TOTAL CURRENT 
GAIN 
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Figure 4 
DARLINGTON AMPLIFIER 



The advantage of the Darllngt 
gain* The Greek letter Delta 
angle^ Is used to designate 
current of one transistor Is 
This type of circuitry result 
current gains In the indlvldu 
both transistors have a gain 
at the base of Ql will result 
The possible corrfci nations, of 



on amplifier Is high input Impedance and high 
» which is represented by an equilateral tri- 
a change of-** Notice that the emitter output 
the base current for the other transistor* 
s in a ci<rrent gain which Is the product of the 
al transistors. In the example shown 
of 20* Therefore a 1 milllampere change 

In a total current output of 400 mi Hi amperes* 

course* are endless* 
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A voltaoe codiparator provides morn procise rngulation. The schematic for a 
typical comparator is shown in Figure 3* 




Figure 3 
VOLTAGE COMPARATOR 



The voltage comparator is sometimes called a differential anplifier because 
it amplifies the difference between the inputs to Ql and Q2* These transistors 
are identical and load resistors Rl and R2 are also identical* So long as 
the voltage applied to the base of both transistors *s equal the circuit 
remains balanced and has no output* The comparator functions because the 
collector voltages of the transistors are 180*" out of phase with each - 
other* In other words when the collector voltage 0? none positjvp^ 
the collector voltage of Ql is less positive* 
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Sometiines It Is necessary to regulate current output. Circuits which are 
used to regulate current output are called current regulators. The schematic 
for a simple current regulator is shown in Figure 6. In mar\y respects this 
circuit Is identical' with that of a series voltage regulator. The main 
difference Is that an additional component has been added. This component, 
Rl, is connected In series with the diode and senses current changes. 
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Fiquro 6 

CURRENT Regulator 



Voltages are shown ort the schematic to help you understand how the current 
regulator operates. Study the scheniatic and note that the bias of QI Is the 
difference between the voltages across Zener diode CRI and Rl. Since these 
components have opposite polai^ities the bias of the transistor Is the 
difference between the two voUaQcS., 

Changes In the circuit load resistance causes a corresponding increase or 
decrease In current flow through the regulating device. Changes In load 
resistance are offset by corresponding changes In the transistor resistance. 
For example, a 5 ohm Increase in the transistor resistance is the result of 
a 5 ohm decrease In the load resistance. Because the circuit Is a current 
regulator the current remains constant. However^ regulating '"' rent in 
tlijs w^y results iu chnu*je^ in Hir oiiipift v^ilt^irje. 



The schematic shown 1n Figure 7 is a current Umlter. This tyPe of circuit 
Is used tq prevent damaqe to delicate circuits which use semiconductor devices 
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The schematic shown in Figure 5 canhrrte*. a voltage comparator and Darlington 
type amplifier. 
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Figure 5 

DARLINGTON AMPLIFIER + VOLTAGE COHPARATOR 



Study the schernatic to m^ke sure you understand how the two circuits work 
together to maintain a regulated DC output. If you have difficulty under- 
standing how these two circuits work together^ you my wish to view the tape 
slide presentation for this lesson or stu<ty the programmed instruction or 
narrative form of this V^sson. 
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Figure 7 
CURRENT LIMITER 



Since the current limiter has a short response time it protects critical 
cf^cuits against current overload. Notice that the schematic is identical 
with the schetnatic for the current regulator. The only difference between 
a current regulator and current limiter is the size> or value, of the series 
dropping resistor. The resistor which is used in the current limiter is 
smaller than the resistor which is used in the regulator. -In order for the 
limiter to operate a reference voltage must be provided* This, is shown in 
the schematic as a box. If you are unable to recall how circuits provide 
reference voltages refer to other parts of this lesson^ the narrative^ pro- 
grammed instruction^ or audio visual materials.. 

Changes in the transistor*s bias and resistance compensate for changes 
in load current. Make sure you understand the basic operation of the 
lihllter before proceeding further. 

You should now be familiar with circuits which are used to regulate and 
control voltage and current outputs* As you complete the job program for 
this lesson you work with the NIDA model 201 power supply trainer* The 
circuits which are used in this trainer combine all the regulation circuits 
you have studied. When you become familiar with the NIDA equipment you will 
better understand how regulator devices operate together to accomplish 
complete regulation. 

AT T>IIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHLCK. IF YOU ANSWER All 
SELF-TEST ITEMS CORRECTLY, PROCEED TO TriL JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT 
YOU CAN RESTUDY THE PARTS OF- THIS LESSON YOU ARE HAVING PIFFICULTY WITH. IF 
YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, 0J> HOST, OF THF LESSON, 
SELECT AND USE ANOTHER WRITTEN MEDIUM Of INSTRUCTION, AUDIO/VISUAL MATERIALS 
(IF APPLICABLE) OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY* 
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constant voltage or current function* The di^cults which maintain 
power supply voltage or current outputs within specified limits/or 
tolerances^ are called regulators. 

They are designated as pC voltage or DC current regulators depending 
on their specific application. 

Circuits which maintain constant voltage or current outputs are 
calif ! DC voltage or. DC current . 



regulatorT 



Voltage regulator circuits are additions to basic power supply 
circuits which are made up of rectifier and filter sections. The 
purpose of the voltage regulator is to provide an output voltage 
with little or no variation. Regulator circuits sense changes In 
output voltages and compensate for the changes* Regulators that 
maintain voltages within plus or minus (1) 0.1% are quite cwnmon. 
The diagram *n Figure 1 Illustrates pictorially the purpose of the 
voltage regulator. 
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The purpose of a voltage regulator is to provide an output voltage 
with little or no , . 
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PROGRAMMED INSTRUCTION 
LESSON 2 

Transistor Voltage and Current Regulators 

TEST FRAMES- ARE 6, 12, 17, 23, 29, 33, 3fi AND B^. PRDCEED TO 
TEST FRAME 6 AND SEl^IF^OUTANTNSflTlt THK QUESTION. FOLLOW 
THE DIRECTlTJNS GIVEN AFTER THE TEST FRAME. 

You are alreatjy familiar with the methods used for increasing, 
decreasing and rectifying AC voltages. You know that most electronic 
' equipments require DC voltages and that these voltages are provided 
through rectification of the AC input voltage. You remember that 
rectification m^y be accomplished by using either half*wave or 
full-wave rectifiers and that the advantage of using a full*wdve 
rectifier is that less filtering is required because there is less 
ripple in the output. 

The main advantage of ^ full-wave rectifier is that the amount of 
filtering required is; 

a. Increased 

b. reduced 



b. reduced 

(2^ You know that the output of a power supply varies with changes in 
ir^ut voltage and circuit load current requirements. Because mai^^ 
military electronic equipments require operating voltages and currents 
which must remain constant, some form of regulation is necessary. This 
lesson explains howefrtuits maintain a 
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(4?) In a previous lesson (lesson VI module 20) you learned that 
there are two basic types of voltage regulators. Voltage regulators 
are classified as series or shunt depending on the location^ or 
position of th«t regulating element(s) in relation to the circuit 
load resistance. 

The two basic types of voltage, regulators arg and_ 



series, shunt or vice versa 




A. 

(T!) Figure 2 Illustrates the two basic types of voltage regulators. 
In actual practice the circuitry of regulating devices may be quite 
complex. The simplified drawings shown in Figure 2 are presented 
to emphasize that there are two basic types of voltage regulators. 
Broken lines have been used to highlight the differences between 
the series and shunt regulators. 
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IF YOUR ANSWER MATCHES THE CORRECT ANSWER GO ON TO TEST FRAME 12. 

IF YOUR AfJSWER DOES NOT MATCH GO BACK TO FRAME 1 AND ^■^^E THE PJlOCRAMMEn 

SEQUENCE BEFORE TAKING TEST FRAME 6 AG^IN, 

Figure 3 illustrates the princ'pje of series volt^^ge regulation^ 
As you study the figure notice that the regulator is in ser^^" ;/*Lh 
the load resistance and that all current passes through the regulator. 
In chis example variable resistor Rv Is used for regulation. Examine 
the circuit to determine how the regulator functions. When the input 
voltage increases this also causes the output voltage to increase. 
However, since the voltage regulator senses this change, the resistance 
of the regulating device Rv increases and results in a qreater voltaqe 
drop across Rv, This causes the output voltage to decrease to normal » 
or for al 1 . practical purposes, to remain constant. 
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FIGURE 3 
SERIES VOLTAGE REGULATOR 



You have probably already concluded that as the inPut voltage 
decreases, the resistance of the variable resistor Rv decreases 
almost simultaneously, thereby compensating for the vol.tage drop, 
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The scheflwtic on the left in Hgure 2 is that of a shunt type regulator. 
It is called a shunt type regulator because the regulating device is 
connected in parallel with the load resistance. This is a character- 
istic of all shunt type regulators. The schematic on the right is that 
of *3 series regulator. It is called a series regulator because the 
regulating device is connected in series with the load resistance. 



6^ THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTION COMPARE 
YOUR ANSWER WITH THE ONE GIVEN ON THE TOP OF THE FOLLOWING PAGE. 
1. Circuits which maintain a constant voltage or current output 
are called . .--^ 




filters 



b. controllers 



c. regulators 



d. 



transformers 
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The diagram in Figure 4 represents a shunt type voUaoe regu'i&tor. 
Notice that variable resistor Rv is in paralle? with the load resistance 
RL and that fixed resistor Rs is In series with the load resistance. 
You already know the voltage drop,, across a fixsd resistor remains 
^^nstant unless th^re is a Vdriation, increase or decrease^ In the 
current through it. 
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FIGURE 4 
SHUNT VOLTAGE REGULATOR 



Recall that one of the characteristics of the shunt type regulator- 
is that the legulation device is connected in parallel with the 
load resistance. In this case the regulation device is represented by 
the variable resistor Rv, Now consider how the regulating device 
maintains the output voltage constant. 

With a constent input voltage, the output voltage remains ccnstant 
only as long as the parallel resistance of Rv and Rl remains constant. 
You can readily $ee that changes in tne load (current) must be compensated 
for by chanyes in the resistance of the regulating device Rv, When the 
load (current) increases the resistance of the reqnlatlng devi'^e* 
resistor Rv, m%t be increased to cocnpon^iate for the incnrdsed loari 

through ^^l , 

i 
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Since there Is a srtiallor voltage drop across Rv» the output voltage 
remains almost constant. Voltage fluctuations within the circuit occur 
In microseconds and are not observable on test equipment. 

When a series voltage regulator is used to control output voltages, 
any increase in the input voltage results in a/an Increase/decrease 
In the resistance of the regulating device, Rv. 



8.) Recall that there are two types of voltage regulators, series 



and shunt. You have already learned how series regulators operate 
and therefore the next several frames are concerned with explaining 
how a shunt regulator functions. The basic difference between a 
series and shunt regulator Is that the shunt regulator Is connected 
In parallel with the load resistance. 

A shUfit type voltage regulator is connected in series/parallel with 
the load resistance. 



1 ncrease 




parallel 
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continuously and automatically to regulate the output voltage without 
external manipulation is required. One such voltage regulating 
device is a Zener diode regulator. " 



no response required 



THIS IS A TEST FRAME. AFTER YOU ANSWER THE QUESTIONS COMPARE 
YOUR ANSWERS WITH THE ONES GIVEN ON THE TOP OF THE PAGE FOLLOWING 
THE QUESTIONS. 

1. When a series voltage regulator is used to control output 

voltages, a decrease In the input voltage results in a/an increase/decrease 
in the resistance of the regulating device, Rv. 

2. The two basic types of voltage regulators are and 



3. A ^type voltage regulator is connected in parallel 

with the output load resistance. 

4. One type of voltage regulator which operates continuously and 
automatically is a diode regulator. 
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The voltage regijlator, Rv compensates for decreases in the load 



(current) by^^ pcrpaslny/decreasim j Its resistance. 



J 



decreasing_ 



tO^ Again refer to the schematic shown In Figure 4 and consider how 
the voltage regulator operates to compensate for changes in Input 
voltages. You know, of course, that the input voltage may vary and 
that any variation must be compensated for by the regulating device. 
Consider an IrKrease In Input voltage. When this happens the 
resistance of Rv automatically decreases to maintain the correct 
voltage division. If you have concluded that the regulator'operates 
In the opposite way to compensate for a decrease in Input voltage 
you are correct. 

The resist4nce of voltage regulator Rv, increases/decreases to 
condensate for any decrease in Input voltage.* 



increases 



(fl^ So far the operation of voltage regulators that use variable 
resistors have been explained. Yoii have probably already concluded 
that this type of regulation has limitations. Obviously, the 
variable resistor cannot be adjusted rapidly enough to compensate 
for frequent fluctuations in voltages. Since input voltage^ fluctuate 
frequently and rapidly the variable resistor is not a practical 
method for voltage regulation. A voltage regulator that operates 
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1. decrease 

2. series/shunt or vice ve<*sa 

3. shunt 

4. Zener 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS GO ON TO TEST FRAME 17. 
IF YOUR ANSWERS DO NOT MATCH GO BACK TO FRAME 7 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 12 AGAIN. 
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FIGURE 5 
SERIES VOLTAGE REGULATOR 



(13^ The schematic for a typical series voltage regulator is shown 
in figure 5. Notice particularly that the variable resistor has 
been replaced with 01. The load. passes through this transistor which 
is the reason it is sometimes called a "pass transistor." Other 
components which make up the circuit are the current limiting resistor 
Rl and the Zener diode CRl. 

Recall that a Zener diode is a diode which blocks current until a 
siJOclfietf v(jllin;«* !•* ij|jpllfH). Un»jf*jnhf?r ,ilst) tUM l.hls K CrfH^fl 
the breakdown or Zener vnltaqe iiruT^uit when the Zener voltage is 
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Now study Figure 5. Notice that voltages are shown to help you 
understand how the regulator operates. 
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FIGURE 6 
SERIES VOLTAGE REGULATOR 

In the example the Zener used is a 15 volt Zener. Recall that a 

Zener diode blocks current flow un til such time as the applied voltage 

reaches the breakdown or Zener voltage* In this instance, the Zener or 

breakdown voltage is 15 volts* The Zener establishes the value of the 

base voltage for Ql. The output voltage will equal the Zener voltage 

minus a 0.7 volt drop across the forward biased base-emitter junction 

of Ql, or 14.3 volts. Because the output voltage is 14.3 volts, the 

voltage drop across Ql must be 5.7 volts. 

With an^input voltage of 20 volts and a required output voltage of 
14.3 volts the voltaqe drop acro^^ 01 i*; volts. 



b./ToTls 
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reached, the Zener diode conducts from its anode to Us cathode 
(with the ^rrow!!!)' Also, recall that ^ener diodes are available 
with different Zener voltages. Now examine the circuit in detail to 
see how the various circuit components function. In this case, 
Ql hds a constant vollaqe applied to its hase. This voltage is often 
called the reference voltage. As changes in the circuit output voltage 
occur» they are sensed at the critter of Ql, producing a corresponding 
change in the transistor's forward bias. In other words, Ql compensates 
by increasing or decreasing its resistance in order to change the 
circuit voltage division. Refer to Figure 5 in order to answer the 
following question. 

The purpose of Ql is to changes in output voltages and 

convert this voltage change into the proper transistor , 



sense> resistance 



^) . 

[ 
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Figure 8 is a schematic diagram for the same series voltage 
regulator with one significant difference. Notice that the output 
voltage is shown as 14.2 volts in lieu of the desired 14.3 voHs. 
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FIGURE 8 
SERIES VOLTAGE REGULATOR 

In this case, the load has increased causing a greater voltage drop 

across Ql, thereby reducing the voltage 'irop across Rl to 14.2 

volts. When the output decreases the forw^^rd bias of Ql increases to 

C.3 volts because Zener diode CRl maintains Ql's base voltage at 15 

volts. Note that this is the difference between the Zener reference 

voltage of 15 volts and the momentary output voltage. (15-14.2=0.8). 

At this time, the larger forward bias on Ql causes the resistance of 

Ql to decrease, thereby causing the voltage drop across Ql to return to 

5.7 volts. This then causes the output voltage to return to 14.3 

volts. 



U'hen the forward bias across Ql increases, the resistance of Ql 
increases/decreases. 



decreases 
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15.) Studly Figure 7 in order to understand what happens when the 
Input voltage exceeds 20 volts. 
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FIGURE 7 
SERIES VOLTAGE REGULATOR 



Notice particularly the Input and output voltages of 20.1 and 14.4 
volts respectively. The 14.4 output voltage is a inomentary deviation 

or variation, from the required regulated output voltage of 14. 3» and 

/ 

is the result Off a rise in the input voltage to 20.1 volts. 
Since the bisfi voltage of Ql is held at 15 volts by CRl* the forward 
bias of Ql changes to 0.6 volts. Because this bias voltage Is less * 
than the nonnal 0.7 volt» the resistance of Ql increases thereby 
increasing the voltage drop across the transistor to 5.8 volts. This 
restores the output voltage to 14.3 volts. The entire cycle takes only 
a fraction of a second and therefore the change is not visible on an 
oscilloscope or readily measurable with other standard test equipment. 

When the forward bias voltage of Ql decreases^ there is a corresponding 
increase/decrease in the resistance of the QK 



increase 
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1. 
2. 
3. 
4. 



Ql 

0.5 volts 
5.5 volts 
decrease 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS fiO ON TO TEST FRAME 23. 
IF YOUR ANSWERS DO NOT MATCH GO BACK TO FRAME 13 AND TAKE THE 
PROGRAMMED SEQUENCE BEFORf TAKING TEST FRAME 17 AGAIN. 



Study the schematic shown in Figure 10. Notice that a potentiometer 
is included as part of the circuit. 
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FIGURE 10 

The potentiometer has been included in order to illustrate how the 
output voltage may be varied from zero to the full valua of the 
voltage regulators outpljt. Later frames in this Instruction will 
cover this in more detail. 
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@ THIS IS A TEST FRAHE. AFTtR YOU ANSWER THE QUESTIONS COMPARE 
VOUR ANSWERS WITH THE ONES GIVEN ON THE TOP OF THE PAGE FOLLOWING 
Tin QUESTIONS 

Refer to the schefAatic shown in I igure 9 when answering the questions 
in this test frame. 
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FIGURE 9 

1. The component which senses changes in output 'oltages in Figure 9 
is ' 

2. What is the base-emitter voltage for Ql?_ ^Vqe ' 

3. Based on the input and output voltages shown, what is the voltage 
drop across QX ? volts 

4. When the forward bias of Ql increases, there is a corn^sponding 
increase/decrease In the resistance of Ql. 
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^ Figure 12 is the schematic for a typical shunt type regulator. 
Notice that the schematic is identical with the schematic shown in 
Figure 11 except that voltages are shown to help you understand the 
function of the various components. 
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^1 FIGURE 12 

SHUNT VOLTAGE REGULATOR 

In the circuit sf(own the voltage drop across the Zener diode CRl 

remains constant at 5.5 volts. This means that with a 20 volt input 

voltage the voltage drop across Rl is 14.4 volts. WUh a base-emitter 

voltage of 0.7 volts, the output voltage is equal to the sum of the 

voltages across the Zener diode CRl and the voltage at the base^emitter 

junction of Ql. In this example, with an output voltage of 5.3 volts 

and a 20 volt input voltage, the voltage drop across Rs equals 13.7 

volt5. Study the schematic in order to fully understand how these 

voltages are d^veloperf dnd pay close attention to the voltages shown. 
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19) Tlip; schematic shown In Ftguro 11 i<; thai of a shunt voUage 



retjulator. 



NOTE: qi is In parallel with the load. 



r 
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FIGURE 11 
SHUNT VOLTAGE REGULATOR 

Components of this circuit are identical with those of the Series 

Voltage Regulator except for the addition of fixed resistor Rs > 

When you study the schematic you see that this resistor is connected 

in series with the output load. The current limiting resistor Rl 

and Zener diode CRl^ provide a constant reference voltage for the 

base-collector junction of Ql. Notice that the bias of Ql is determined 

by the voltage drop across Rs and Rl. As you lcnow» the amount of 

forward bias across a transistor affects its total resistance. In this 

case^ the voltage drop across resistor Rs is the key to the total 

circuit operation* 

The voltage drop across resistors Rs and Ri determines the amount of 
base-emitter for Ql. 



bias 
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(22^ Study the schematic shown Figure 14. Although the sc+iefnatic 
is i^dentical with other shjnt voltage schefnatics previously illustrated 
and discussed, the output vdltage shown is different. The load current 
hds increased causing a momentary drop in voltage output to 6.2 volts. 
Recall that the circuit was designed to insure a constant output 
voltage of 6.3 voHs. Since the output voltage Is less than required* 
changes occur in the regulator to restore the output voltage to 6.3 
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FIGURE 14 
SHUNT VOLTAGE REGULATOR 



Because of Ihe 0.1 volt drop in the output voltage the fomard bias 
of Ql is now 0.6 volt. This decrease in the forward bias increases 
the transistor's resistance, thereby reducing the current flow through 
Ql by the same amount that the load current increased. The current 
flow through Rs returns to its normal value and restores the output 
voltage to 6.3 volts. 



Whien the load current increases and the output voltage moment t^ri ly 
'fra|>s» \\\v rr-, i^t airier of* rjl tncrf^fiM* ./it''<:riM ,f^^ \m f;i>ri|>nnsato. 
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Tjy Keftir to M<)ur)' 13. Tlti-. f itjurc shows f.tn' scltHiifil. ic (JidijrHiii of 
the Sdiite shunt voltage regulator witli tin increased input voltage of 
20.1 volts. 
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FIGURE 13 
SHUNT VOLTAGE REGULATOR 

This increases the forward bias on Ql to 0-8 volts. Recall that the 

voltage drop across the Zener diode CRl remains constant at 5.6 

votts. Since the output voltage is contprised of the Zen^r voltage and 

the base-emitter voltage, the output voltage momentarily increases to 

6.4 volts. At this time the increase in Ql's forward bias lowers the 

transistor's resistance (Allowing more current to flow through it* 

Since this current must also pass through Rs, there is also an increase 

in the voltage drop across this resistor. The voltage drop across Rs 

is now 13 8 volts dnd therefore, the output voltage is reduced to fi.3 

volts. Remember that this change takes place in a fraction of a 

second. 



When there is an increase i the input voltage of the shunt voltage 
regulator shown in Figure 13 the forward bias of Ql increases /decreases. 
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1. 0.7 

2. 5.7 ■ 

3. 5 

4. increase, decrease 

5. decreasing 

IF YOUR ANSWERS MATCH THt CORRECT ANSWERS, YOU MAY PROCEED TO TEST 
FKAMt" 29, OTHERMHE GO BACK TO FRAME 18 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN. 



(24^ Refer to the shunt voltage regulator schematic in Figure 16. 
Notice particuUrly that a potentiometer has been incorporated into 
the circuit. The pot is designated as R2. 
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FIGURE 16 
VARIABLE SHUNT VOLTAGE REGULATOR 

Addition of the potentiometer provides a capability for a variable 

regulated DC output. Notice that the 5.6 volt drop across the 

potentiometer is equal to the voltage drop of the Zcner diode CRl. The 

naninal voltage across the base-emitter junction is about 0.7 volts. 

The total oulpi''. is the sum of the voltage across the base-emitter 

junction of QI plus the regulated voltage at the wiper of R2. 

" S.J 
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[22^ THIS IS A TlST ;UAH( . MUOY Till SCIII.MATIC IN rUiimr IS IN 
ORDER TO ANSWLR Tilt llSf gillSnONS. AITIR YOU ANSWI R rni TI'ST 
QUESTIONS COMMRE YOUR ANSWERS WITH THE -CORRrCT ANSWERS GIVEN ON THE 
TOP OF THE PAGE FOLLOWING THE QUESTIONS. 
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FIGURE 15 
SHUNT VOLTAGE REGULATOR 



lOV 
REGULATED 



1. The ^oUige across the base-erri tter junction of 01 is ^ 

voU(s). 

2. The voltage across Rl is _^ volt(s). 

3. The voltage drop across Rs is ^ volt(^). 

4. when the input voltage increases, the forward bias on the 
base-emitter junction of Ql will (increase/decrease) 

causing Ql to (increase/decrease) its 

resistance* 

5. when the load current decreases, '^1 compensates by 

(increasing/decreasing) its resistance. 
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DETECTION 
R2 



FIGURE 17 

of the regulator is delected at the junction of the two resistors. A 
change ,in the regulated output is referred to as the "error signal". 
This signal, or input, is applied to the voltage comparator. Examine 
the diagram and note that the voltage comparator h another Input. 
This input is called the reference voltage. The reference voUage 
remains constant. The function of .the comparator is to compare the 
error signal with the reference voltage ar- sd on the difference, 
develop an output voltage called the correc. on signal. When this 
signal is fee to the series regulating device which is usually a 
transistor, the resistance of the transistor changes to compensate 
for any Increase or decrease In output voltage. 

The electronic circuit which compares the *'error signal" with a 
reference voltage is called a 

a. / series regulator 

b. voltage doubier 

c. shunt regulator 

d. voltage comparator 



d. voltage comifa rVtoV 
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Hh«n the voltmeter cnnnocter; to Iho wlpr^r .inn of it;* 4.^ volts» 



the output voltage is 



vnUs. 



5.2 voTt^ 

(^5^ You have now learned how basic series and shunt transistor 
voltage regulators work arW may have wofKl y how the regulation 
could be Improved. Method^ for improving the regulation -rr? explained 
in frames which follow. 

The basic electronic circuit which makes better voltage^ regulation 
possible is called a **voltage comparator". The diagram shown in 
Figure 17 illi trates pictorlally how this circuit relates to the 
other regulator circuits. 



r 



SERIES 
REGULATOR 



UKREGULATEO 
DC INPUT 



E 



CORRECT lOK 
— SIGHAL ^Rl 



(my 


VOLTAGE 




COMPARATOR 



ERROR 
SIGNAL 



REGULATED 
.l"!!!'! DC OUTPUT 



DETECTION 



i 



FIGURE 17 
SHUNT DETECTED SERIES REGULATOR 

When you examine Figure 17 notice that a voltage divider is connected 

in shunt, or parallel , with the cutput of the voltage regulator. 

/ 

This ider is comprised of Rl and R2. The regulator shewn is called 
a shunt detected series regulator. Any change in the output voltage 
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with the values given the circuit has no output. Any change in the 
source voltage of either transistor affects the other transistor a 
like apDunt and voMages are cancelled out. Characteristics of this 
circuit are high stability and sensitivity. 
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Figure 18 
VOLTAGE COMPARATOR 



The voltage comparator shown in Figure 18 is often called a 
amplifier 



differentiel 



[27^ You now have a basic understanding of how a voltage comparator 
works. To give you a better understanding^ the next several frames 
include information as to what actually happens when t . error voltage 
is different than the reference voltage. Assume that the comparator 
error voltage increases to 11 volts as shown in Figure 19. This 
, positive error si!jn*il or 1 yfoM 'Mu^ps ,iri increase in the forward 
bias of 1)2^ ttipr '>y c*iu*;rni) addi L i onol current to flow through collector 
^load resistr R2. This causes the* rol h^cLnr voU^jqo of Q? to decrease. 



P3 




15 VOLTS 



FIGURE 18 
VOLTAGE COMPARATOR 

Notice that identical transistors and collector load resistoi*s are 

used with a conmion emitter resistor in order to form the ba^^nced 

circuit. The circuit shown is often called a differential amplifier^ 

since It amplifies the difference between the Input signals. looK at 

Ql and note that a reference voltage of 10 volts is applied to the base 

of the transistor. An identical potential is applied to the base 

of Q2. This voltage is the result of using the potentiometer Rx to 

select a value which is equal to the reference voltage. The error 

signal equals the difference between the reference and error voltage. 

A voltmeter connected across the two transistor collectors^ as shown in 

Figure 18, results in a voltage; readi ng of zero volts. This means that 
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(28^ Figure 20 shows the same schematic with the error voltage 
reduced to 9 volts, producing a negative 1 volt error signal. Since 
this voltage is one volt less than the 10 volt reference voltage, 
the current through Q2 decreases at the sd^r^e time the current through 
Ql increases. Study the schematic to make sure you understand how the 
voltages offset and produce a positive correction signal frm the 
collector of Q2. 
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FIGURE 20 
VOLTAGE COMPARATOR 



No response requi red 



@ THIS IS A TEST FBAME. STUDY THE SCHtMAriC IN FIGi(rX^21 IN ORDER 
TO ANSWER THE TEST qUiisriONS. AFTER YOU ANSWER THE QUESTItlNS COMPARE 
YOUR ANSWERS WITH THE CORRECT ANSWCRS GIVI-'N ON rUL riR OF THE PAGE 
FOLLOWING THE QUESTIONS. 
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At the sanie tirne^ thn im:rf*dsed atrrenl through R3 produces a decrp^is^* 
In the forward bias af JJl* Ttiis occur. Iiecrtusr* rJie top of R3 becomes 
iiture (Kjs i t ivct 



(-HlCORRECTlO 

VOLTAGE ^ 



REFERENCE 
VOLTAGE ™ 
0 VOLTS ^ 



(-) CORRECTION VOLTAGE 




— 15 VOLTS 



FIGURE 19 
VC.TAGE COMPARATOR 

The smaller forward bias on Ql decreases the collector current and 

results In a corresponding increase the collector voltage of Ql, 

The collector correction voltages o'^ j1 and Q2 are out-of-p ase; the 

Increase In the collector ji^olta<^ of '^^ is offset by a corresponding 

decrease In the collector voltage of Q2t This is shovfn by the 5 volt 

reading on the vpltmetert The output from Q2's coll ictor would be a 

negative 2.5 volt correction signal. 

An increase In the collector voltage of one of the transistors shown 
in Figure 19 indicates a corresponding increase/decrease in the 
collector voltage of the other trans stor. 



mc 



decrease 



0 1 
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1. voltage comparator 

2. equal, out-of-phase 

3. b. decreases 

4. increase 

IF YOUR ANSWERS AG^lE WITH THE CORRECT AfiSWERS YCjJ MAV PROCEED. TO TEST 
FRAME 33, OTHERWISE GO BACK TO F:^AK: 24 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAK: 29 frA\r^ 

j5o^ You now. unders .. lioj ; ' .-v^-^ - Refe^ 

Figure 22 and ncM'ce that b \ ies regulator, and two additional 
resistors have been added to the ^^^cntry. These components complete 
a regulator circuit which uses the output of the voltage comparator. 




FIGURt: 22 
SHUNT DETIXTth SI.Kirs KlXULATOR 

Recall that when the load increctsi^ there is a momentary, or temporary, 

decrease in the output voltage. Study the <;chematjc .^nd notice that 

a decrease in ou ' put voltage is s^^nsed at the wiper arrn of potentiometer 
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FIGURE 21 
VOLTAGE COMPARATOR 

!• The electronic circuit which makes better voltage regulation 

possible is cal led a: 

a* series regulator 

b, vo^tdge inultiplie 

c- shunt regulator 

d, voltage compardtor 

2- A Differential Amplifier prodiices output signals that ^ e 

(equal/unequal) and (in-phase/out-of-phase) with each 

other, 

3, When a positive error signal is produced > the col lector voltage 
of Q2 ^ , 

3- sta^' same 

^ decreases 

c- increases 

4- k negative er^^r signal results in a/an Increase/decrease in the 
curren" flow through Ql- 

86 




P,I„ Thirty-2 
(3K) The schematic in Figure 23 is that of a Darlington amplifier. 
This type of amplifier has several distinct advantages. The main 
advantages of the Darlington amplifier circuit are the high input 
impedance and high current gain. This circuit is found in many 
regulated power supplies, 

+ vcc 

f . , w 400m 
Told wurrent baifi 

INPUT o ^ ' ( r ) J ^ '"'^ 

& 400 ma. 

FIGURE 23 
DARLINGTON AMPLIFIER 

As you study the schematic for this circuit, note the symbol ^ ; a 

Greek alphabet , letter used to denote in this case "a small change 

of," This is merely a shorthand technique in electronics that saves a 

lot of -ing. 

Study the schematic and notice that the emitter of Ql is connected 
directly to the base of Q2, The eniitter output current of Ql is 
therefore the-base current of Q2, This type of circuitry results in a 
current gain which is equal to the product of the individual current 
gains , 

Since each of the transistors has a rvrrerl v of ?0 the tot til 
current gain equals ^ , ^pcause i}\ has a rinn of ^0, a 1 milliampero 
b. . e Input current chanye results in an outptiz currer' change of ?n 
nil' amperes at the emitter. Application ot this 20 milliampere change 
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R5 as a negative error signal. This error signal (less posftive 

voltige) Is felt at the base of ((?» causing an increase in the voltage 

on the collector of Q2 (collector out-of-phase with base). When this 

more^ posi^^ive voltage is applied to the base of Q3, its forward bias 

is Increased, thereby decreasing the resistance of the Q3. This 

results in a smaller voltage drop across the transistor, and the 

output voltage of the regulator returns, to normal- Remember that 

these changes take place in microseconds. In the event the output 

voltage increases, the error and correction signal polarities would be 

reversed. The purpose of the voltage comparator in this circuit 

(Figure 22) Is to provide a high degree of sensitivity to stgrial 

* 

change, thereby eliminating changes, or drift, in the output voltage. 

A negative error signal will cause a/a n in the 

forward bias of Q3 and a correspondin g 

in the transistor's resistance. 

a. decrease, increase 

b* increase, decrease 

c. decrease, decrease 

d. increase, increase 



increase^ decrease 
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(32*) You are now familiar wHh voltage regulators, voltage comparators, 
and the Darlington type amplifier. Since 'ou understand how these 
circuits operate independently it is easy to understand how they are 
combined to regulate voltages. 

The schematic shown in Figure 24 is that of a Shunt Detected Series 
'Regulator which uses both a '/oU^gf^ comparator and a Darlington 
amplifier. As ycu Study t-. ^.ci.^matic notice that components which 
make up the Darlington amplifier are enclosed with broken lines* 
Note particularly that Q3 and 04 make up the Darlington amplifier and 
that the emitter output of Q4 is applied to the base of Q3. Rec^^M 
how this results in a high current gain. The total current gai cf 
course^ depends on the individual current gain of the two transistors 




.GURE 24 

shunt detected series regulator using voltage compakafor and darlington 
amplif;er 
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to ttie haso of ()2 results in an output change of 400 mil li amperes at 
the Q2 (MiiULefr. 

Do not let the term "current gain" confuse you. Transistor current 

gain and voltage g^iin are commonly used in electronic circuit 

discussions. Vo^ltage gain, as you reinember, is the ratio of output 

voltage to the input voltage, or Ay " |^ Current gain is similar 

Mn 

in that It refers to output current compared to input current 

or^ Ai * In* As you can see, the two terms are very similar, one 
*in 

for voltage amplification, and the other for current amplification. 
Combining two transistors in this way results in a significant 
current gain with a dinict application in controlling the output of 
power supplies. 

4 

Given the circuit shown in Figure*23, what is the output current 
change of Q2 assuming an input current change of 1 milliainpere and 
transistor gains of 10. 



100 milllamperes 
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FIGURE 25 

1. The circuit outlined with broken lines is called a 
a. Darlington arttpltfier 

voltage regulator 

c. voltage comparator 

d. voltage divider 

2. Ql and Q2 are part of a_ 

circuit 

a. barlifigton amplifier 
b- voltage regulator 

c. voltage divtder 

d. voltage comparator 

3. If Q3 and 04 have a cur^rent gain of 2D, what is the change in 
emitter output current of Q3 when a ? tuil l iamperen current change is 
applied to the base of Q4? 



When t(rti DC , Input incrfsisos l.lir ouLiiul voUdfie will fnomGntarily 
Increase^, causing a jjo^iUve ftrror signal at the base of which is 
part of the voltage comparator circuit. Because the collector voltage 
of Q? is out of phase with the transistor's base» it appears as a 
negative (less positive) correction signal to the hase of Q4. Refer 
to the schematic tc make sure you understand this concept. With a 
negative correction signal at the base of Q4» there Is a corresponding 
decrease in the forward bias of Q4. This results in a smaller base 
current for Q3 and an increase In the resistance of Q3* Because of 
the increased resistances there is a greater voltage drop across Q3 
which compensates for the Increased input voltage and thus returns the 
output to the normal regulated value* 

With a positive correction signal at the base of Q4 there is a/an 

' in the forward bia*i of the tranHstor and a/an 

in the transistor's resistance* 



a* increase^ increase 

b* decrease^ increase 

c. decrease^ decrease 

d* increase^ decrease 



d* increase^ decrease ^ ^ '^L i_ 

(33^ THIS IS A TEST FRAME, REFER TO THE SCHEMATIC SHOWN IN FIGURE 25 
WHEN ANSWERING THE QUESTIONS, AFTER YOU ANSWER THE QUESTIONS 
COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS ON THE TOP OF THE PAGE 
FOLLOWING THE QUESTIONS. 
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1. a. Darlington amplifier 

2. d. voltage coinparator 

3, 800 nrilliamperes 

4, c. decreases 

5* b* decreases ' 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS filVEN A-^flVf; YOU MAY GO TO 
TEST FRAME 38, OTHERWISE GO BACK TO FRAME 30 AND TAKE THE PROGRAMMED 
SEQUENCE AGAIN BEFORE TAKING TESTyFRAME 33 AGAI^* 
(34^ You now know how voltage regulators work to provide constant 
output voltages. If you concluded that in some circuits it may be 
necessary to regulate current output, you are correct* The circuitry 
which provides a constant current output is called a constant current 
regulator or just current regulator* The schematic shown in Figure 25 
is a siir^>lifind schematic for a current regulator* The variable 
resistor Si in on the schematic is used'^to illustrate the concept of 
current regulation. As you know from your study of voltage regulators 
( a variable resistor does not reS|>ond quick enough to compensate for 
' " the changes* Notice that an ammeter has been included in the circuit 
to enphasize that the circuit is that of a current regulator. 




Thirty-2 



4* When the wiper arm of R5 is moved toward R4^ the DC output voltage 
of the regulator: 

a* Increases 

b* remains the same 

c* decreases ^ 

5* When the^load decreases, the collector voltage of 02 

a* Increases (more posUive) 
b* decreases (less positive) 
c* st^s the same 
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Since use of a variable resistor is not a practical way to 



.control current ^fluctuation or variation, a transistor and Zener 
diode, together with npcessary resistors, are used. Recall chat the 
Zener diode provides a constant reference voltage. The schematic 
shown in Figure 27 is that of a current regulator circuit. 

+"1- 

I 

DC INPUT 
VOLTAGE 




FIGURE 27 
CURRENT REGULATOR 

Except for the addition of Rl, the circuit shown in Figure 27 is 

similar to a series vpUage\ regulator. The resistor is connected 

in series with the load and senses current changes in the load. 

Notice the voltage drop across RI and the negative voltage polarity 
applied to the emitter of QI. The voltage polarity is ?i result of 
current flowing through Rl and this negative voltage opposes the 
forward bias^for QI. However, since the regulated voUdge across Zener 
diode CRI has an opposite polarity^ the actual bias of the transistor 
is the difference between the two voltages. You can readily see that 
the purpose of R2 is to function as a current lijoiting resistor for the 
Zennr diode. 
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DC INPUT REGULATED 
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OUTPUT 



FIGURi; 26 
SIMPLE CURRENT REGULATOR 



i 



When the circuit functions properly, the current reading of the 
ammeter remains constant* In this case the variable resistor Rv 
compensates for changes in the load or DC input voltage. It has 
probably occurred to you that adequate current regulation results in - 
the loss of voltage regulation. Study the schematic shown, recalling 
that ar>y Inci^ease In Toad resistance causes a drop in current. When 
the lotid resistance increases, in order to maintain a constant current 
flow, the resistance of Rv nwst be reduced* This causes the total 
resistance to remain constant. - An increase in the Input voltage 
must be compensated for by an increase in the resistance of Rv, 
thereby maintaining a constant current flow. As you can readily 
understand, the operation of a current regulator is similar to that of 
a voltage regi/lator. The basic difference is that one regulates 
current and the other voltage* 

When there is an increase in the load resistance Rl» the resistance 
of Rv increases/decreases to coinpertsate for the change. 



decreases 

9f 
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If you have concluded that without current regulation^ d drop in the 
input voltage will cause a decrease in current output, you are correct.^ 



No response requ i red 



(57j) Since you are familiar with the basic current regulating cir* 
cuitry, let's examine in detail how the various components work to 
maintain the constant 400 milliampere outfut. Refer to the schematic 
shown in Figure 29. 



+ 0- 
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I a VOLTS 
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FIGURE 29 
CURRENT REGULATOR 

Recall that e decrease in Toad resistance causes a corresponding 

Increase in current flow. I" the example shown, the load resistance 

RL has dropped from 15 ohms to 10 ohms. This results in a larger 

voltage drop across Rl due to the increased current flow. The voltage 

drop has increased from 2.4 volts to 2.5 votts. Of course, the 

voltagfe drop across Zener diode CRl* remains constant at 3 volts due to 

its regulating ability. Because of the increased voltage drop across 

Rl, the forward bias on Ql is now O.S volts. Since the forward hias 

■►I JJi h.i\ it<*crp.i%r*), Lhi' resl'<-'intr <H rhu frans1%f-nr tncrnnsc^ 

frodi 'J ohms to 14 nhins. Not:ii:(i l.hat. -the 5 ohm Incrnase In resfstanrp 
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(3fa^ You know the purpose^of a current regulator is to provide a 
constant current regardless of changes in the Input voltage or load 
cyrrfent. 

The schematic shown trt 1 ttjm v ?i\ is tJut nf a circuit doshined to 
provide a constant current of 400 mil 1 iamperes. 




12 VOLTS 
DC INPUT 
VOLTAGE 



FIGURE 2« . 
CURRENT REGULATOR 



As you studly the schematic notice that voltmeters are shown in orrier 
to emphasize the voltage drops across specific components. These 
voltages will help you understand how the current regulator operates. 
When you examine the schematic notice that the voltage drop across 
the base-emitter junction of Ql Is 0.6 volts. This voltage Is the 
difference between the Zener voltage and the voltage drop across Rl. 
The 0.6 volt forward bias of Ql permits operation In a linear range. 
The output voltage across RL Is 6 volts as shown by the voltmeter. 
Notice that with a regulated current output of 400 mlUlamperes, the 
transistor resistance Is 9 ohms. This can be prov^^by using ohm's 
law and the values shown on the schematic. In this case current (I) 
Is equal to the voltage drop (E) divided by the resistance (R). 
Therefore: 12 volts .30 ohms ■» 0.4 amperes or 400 mlUiamperes. 
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^57) THIS IS A TEST FRAME. STUDY THE SCHEMATIC SHOWN IN FIGURE 30 AND 
ANSWER THE QUESTIONS. AFTER YOU COMPLETE THF QUESTIONS COMPARE YOUR 
ANSWERS WITH THF ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
TEST QUESTIONS. 
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FIGURE 30 
CURRENT REGULATOR 
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1.. The voltage drop across the base-emitter junction of Ql is the 
sum/differen ,:e of the voltage drops across Rl and diode^CRl. 

2., Any decrease in the load resistance will cause a/an 

in the forwa^^d bias of Ql and a/a n ] in the transistor 

resistance. 

a. increase, increase ^ 

b. decrease* decrease 

c. increase, decrease 

d. decrease, increase 

3. The resistance of Ql increases as a result of 

a. a decrease in circuft lodd 

b. an increase in circuit load 
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Across the transistor corres(K)nds to the 5 ohm f1i^trt?<ist? In thp lo<^d 
resistance. Thus, the total resistance around the outside loop of 
the circuit renwins constant. Since the circuit is a current 

m 

regulator, you know that output voltages will vary as the regulator 
maintains a constant current output. In the example th(^ voltage 
output Is reduced to 4 volts, computed by multiplying current (I) 
times resistance (R), (400 ira x 10 ohms = 4 volts) 

Ar\y decrease In the base-emitter forward bias across Ql results in 
a/an 1ncre>^**/decr^ase In the transistor's resistance. 



increase 
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1. difference 

2* d. decrease, i ncrease . 

3. b. an increase in circuit load 



IF YOUR ANSWERS AGREE WITH THE ANSWERS GIVEN PROCEED TO TEST FRAME 51, 
OTHERWISE GO BACK TO FRAME 34 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME 38 AGAIN. 

^5?^ Although fuses and circi breakers offer some circuit protection, 
their response titne to circrit overloads is not fast enough to prevent 
damage to delicate circuits which use junctions and semi-conductor 
components. For this reason current limiter circuits are required. 
They normally function within a voltage regulated power supply. 
Figure 31 shows a schematic fcr a simple current limiter. The 
purpose of the limiter is to protect the power supply against a 
current overload. If you have concluded that the current limiter 
circuit Is a most identical with a current regulator you are correct. 
The one basic difference between the two circuits is the size of the 
series resistor. 
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a. - decrease^ increase — 
(40^ You now understand the principles of current limiting. The 
schematic shown in Figure 32 shows ^ow a current limiter is used in an 
actual circuit. Examination of the schematic reveals that the 
limiter is in fact made up of two separate, ci rcuits which you already 
understand; a Shunt Voltage Regulator and a Darlington Amplifier. 
Notice that components which make up the tWo circuits mentioned have 
been outlined with dotted lines to ht.^lp you understand the relationship 
more readily. 




FIGURE 32 
CURRENT LIMITER CIRCUIT 
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value than those which are used in current limiters. 

A regulated reference voltage Is needed in order for d current limiter 
to work. For simplicity, the requin**! cironl is shown as a hox in 
Figure 31. If you cannot recdll components or circuitry which provide 
reference voltages refer to earlier frames of this lesson. 

Notice that the reference voltage shown is 3 volts. Recall that this^ 
voltage and the voltage drop across resistor Rl determine the forward 
bias of Ql and the ultimate output voltage. Because the total load 
passes through Rl, the voltage drop across this resistor is a direct 
indication of the load. 

Up to the point where limiting occurs, the transistor in a current 
limiter stage is operating at or near saturation. That is to say, the 
voltage drop across Rl does. not affect the transistor^s resistance 
significantly (it is very small). However, when the load increases 
to the limiting point, the voltage drop across Rl will begin to force 
the transistor out of saturaiton and into the operating region, which 
increases the transistor's resistance, thus reducing the output 
voltage from the supply. This then limits the total current output. 

When limiting occurs an increas? in the voltage drop across Rl results 

in a/an in the forward bias of Ql and a/an 

In the transistor*s resistance, 
a • de c rea S6 , i nc rea se 

b. Increase, decrease 

c. decrease, decrease 

d. increase, i ncreas(s 
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FIGURE 32 
CURRENT LIMITER CIRCUIT 

(41^ Refer to Figure 32. Notice the Darlington amplifier enclosed by 
the dotted lines on the right hand side of the figure and recall that 
the output of a Darlington type amplifier is the prbduct of the gain 
of each of the transistors. For a review of this concept and a more 
detailed explanation, refer to frames 31 through 33 of this lesson. 

The addition of R2 is necessary, to encible the Current Limiter circuit 
to operate, VHe piirpose of this key resistor is to sense the load 
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Study the circuit designated as the Shunt VoUaoe Regulator and 
notice that an unregulated DC Input voltage Is converted^ or changed^ 
to a reference voltage by the regulator* If you do not recall exactly 
how this Is accompli shed » refpr to frames 19 through 24 In this 
lesson* 

Notice that the reference output voltage is variable and depends on 
the setting of R5. The wiper arm setting of the potentiometer thus 
determines what the reference voltage will be, and indirectly^ the 
Current limiting level. 

The conponent which determines the output reference voltage of the 
transistor shunt regulator circuit in F1guf5^2 is; 

a* CRl 

b* R4 
' c. Q3 

d. R5 

d. R5 " 
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The schetnatic shown in Figure 33 {foldout)*includes all of the circuits 
which you have studied* It is the schematic for the NIDA Model 201 
Power Supply trainer which you will have an opportunity to use as you 

complete the Job Program for this lesson* As you study the schematic, 

'J 

notice particularly that it is in fact made up of four separate and 
distinctly different circuits which are interconnected. The circuits 
may be described as the rectifier/filter circuit, overload protection 
circuits, voltage regulator circuit, and monitoj^ing circuit. The 
operation of each of the circuits is explained in the following 
frames* If you have difficulty understanding any circuit refer to 
appropriate frames in this lesson. 



series voltage regulator 
shunt voltage regulator 
voltage comparator 
Darlington amplifier 
current regulator 
current lim-ter 



frame 7 and 13 through Ifi 
frame 8 and 19 through 24 
frames 26 through 29 
frames 31 through 33 ^ 
frames 34 through 38 
frames 39 through 41 



no response re^u ^red 



4y TI, CRI and CR2 and CI function as a full-wave rectifier to 
provide unregulated DC input voltage. The voltage across terminals 2 
and 6 of this trainer^ is approximately 40 volts* 
If you wish to review and refresh your memory concerning full-wave 
rectification, study module/lesson ?0-TV 



no response required ^ 

♦Pefer to schematic at snd of Lesson ?. 
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and convert It to a voltage ffroji if> provide control for the Darlington 
amplifier. Using a reference voltage of 3 volts, the operation of the 
llmiter-^wlll now be explained. With a load current of approximately 
1.6 amperes, the voltage drop across R2 is approximately 2.4 volts and 
limiting occurs. At this tiine, Ql and Q3 have about 0.3 volts across 
their base-emitter junction. This reduction of forward bias causes 
the resistance of the transistors to increase, thus the output voltage 
is reduced. You know that this change in voltage output limits the 
current output to 1.6 amperes. You now also. understand how the 
limlter works and how the output current limit level may^e changed 
by adjusting the current limiting resistor R5. 

The component which provides control for the Darlington amplifier is: 

a. R3 

b. R2 ... 

c. R5 



b. ftg " 

(^Z^ So far yoiPRffve-H^rned about circuits which are used to regulate, 
or control, voltage and current outputs and the phases of regulation 
have p^n explained. in detail. Perhaps you have wondered how the 
circuits are combined In an actual situation to accomplish complete 
(;v regulation. 
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(46^ The next stafle shown In the schematic is the primary voltage 
regulation stage made up of circuits which you are already familiar 
with» The stage contains a reference series voltage regulator, 
current regulator, voltage comparator, and a Darlington amplifier^ 
Operation of each of the circuits is briefly described in subsequent 
frames to help you understand how each of the circuits contribute to ' 
a complete, or total, power supply^ 



no response required 



47^ The reference series voltage regulator circuit consists of Zener 
diode CR5, Q7, R13, Rll, R12, and C5» The purpose of the regulator is 
to provide a reference input voltage for the voltage comparator^ The 
reference voltage may be set betv/een zero (0) and 14^3 volts by adjusting 
R13» Thus, R13 provides coarse control of the total regulated voltaoe 
from the supply^ 

The output of the reference series voltage regulator is applied to 
the ^of qs. 

a», emitter ' 

b» collector 

c» base 

< 

' ' ■ \ 




c^ base 



(^8^ The voltage comparator circuit consists of Q8 and Q9 and associated 
resistors^ Recall that the purpose of the comparator is to co^^pare 
error and reference vnltages^ The circuit then amplifies the difference 
voltage in order to produce a correction si<InaU Fine control * 
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Again refer to the foldour. ^>cht*tndtic and notics that the unregulat- 
ed OC output of the rtHrtifier provi^los the input Fur the overload 
protection stage which is comprised of a current limiter and circuit 
breaker. Notice that the current limiter is composed of a shunt 
voltage regulator and a Darlington type amplifier, consisting of Ql 
and Q2, and Is Identical with the current limiter you previously 
studied. The only difference. in this case 1s that circuit breaker Cbl 
Is Included to provide overall circuit protection If the current 
limiter components fail. 

The component which provides overall circuit protection for the 
regulated power supply is • 



circuit breaker "CbT 



"As you stucty the schematic you can see that the current limit 
point m^y be varied by adjusting R5 and that the output 
of the circuit ranges from 10 mlUiamperes to 1.6 amperes. The 
unregulated output voltage measured across terminals 1 and 15 approxi- 
mates 35 volts. The tnaxl^um current output, of course, is determined, 
by the setting of R5. 



Maximum current output of the circuit niay be varied by adjusti 
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The Darlington primary series voltage regulator consists of 
04 and Q3 and operates to provide primary control of the Output 
voltage. Remember the output current gain of a Darlington amplifier 
Is the Product of the current gain of the two transistors which make 
up the amplifier. In this circuit the amplifier converts changes in 
the voltage output of Q9 into changes in the resistance of Q3/Q4. 
Remember the source of t!ii tr\o: sigru,' .rib wiper onrt of R17. 
The functions of Zl anc C6 to mimnnze distortion or spurious 
signals caused by moving the wiper arms of potentiometers R13 and 
R17. 

The output current gain of the Darlington amplifier is the \ of 

the current gain of the transistors which make up the amplifier. 

a. .sum ' 

b. difference 

c. product 

d. ratio 



c. product I i 

(Sl^ THIS IS A TEST FRAME. STUDY THE FOLd OUT SCHEMATIC AND ANSWER 
THE QUESTIONS. AFTER YOU COMPLETE THE QUESTIONS COMPARE YOUR ANSWERS 
WITH THE ANSWERS GIVEN AT THE TOP 01^ THC PaGE FOLLOWING THE TEST 
QUESTIONS. 

1. The component which provides overall circuit protection for v.hp 
power supply i^_^^ . 

2. The component which sets the limit for current output is 
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of the supply output voltage level Is accomplished by changing the 
setting of R17. The correction signal frofn the collector of Q9 is 
applied to the base of Q4 and together these transistors fonn part of a 
Darlington primary series voltage regulator. 

The correction signal from the collector of transistor Q9 serves as the 
input^to the of Q4. 

a. emitter 

b. base 

c. collector 



ba 



se 



(49^ The current regulator circuit consists of CR4, Q6, R8, and RIO. 
The purpose of the circuit is to maintdin a constant current through 
Q6, 9nd R8. The current flowing through Q6 is held constant because of 
the action of CR4 and R8. The output of the current regulator remains 
constant because current changes in Q9 are offset by an equal and 
oppoljite change in current flow through Q4. 



The component which senses the change in current in the current 
regulator is 

a. CR4 

b. Q6 

c. R8 

d. RIO 



112 

119 



p.t. 


Thirty*^2 


1. Circuit breaker Cbl or just Cbl 




2. R5 




3. a. base 




4. R17 and R13 








c. d. product 





IF YOUR ANSWERS MATCH THE rORrr'^T AnsWCP^ VO'J HAVE COMPLETED lESSON 2 
MODULE 30-C0NGPATUL\T!:'r] T:!IS POINT, YOJ MAY TAKE THE LESSON PROGRESS 
CHECK. IF YOU ANSWEP ALL SC! F-T:ST ITEMS CORRECTLY, PROCEED TO THE JOB 
PROGRAM. IF YOU INCORRECJtTr A(li.WER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, 
OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS lESSON YOU ARE HAVING 
DIFFICULTY W>TH. IF YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR 
MOST, OF THE LESSON, SELECT AND USE ANOTHER WRIHEN MEDIUM OF INSTRUCTION, 
AUDIO/VISUAL MATERIALS (IF APPLICABLE), OR CONSULTATION WITH LEARNING CENTER 
INSTRUCTOR, UNTIL YOU CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK 
CORRECTLY. 

\ 
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3. The output of the reference series voltage regulator stage is 
applied to the ^of Q8. 

a. base 

b. collector 

c. emitter 

4. The output voltage level of^^the^oltage comparator stage is controlled 
by ^and . 

5. The output voltage from the collector of Q9 provides the input to 
the of 04- 

a* emitter 

b. base 

c# collector 

6. The output gain of the Darlington amplifier represented by Q3 and 
Q4 is the ^of the transistor's gain. 

a. difference 

b. sum 
c- r?t1o 
d# product 
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There are two basic types of voltages regulators, series and shunt. The 
classification of a regulator depends on how the regulator is connected 
in the total circuit. Series regulators are connected in series while 
shunt type regulators are connected in parallel with the output load. 
The illustrations in Figure 2 show the difference between the two types 
of regulators in a simplified fonn. 



INPUT DC 
VOLTAGE 




I ^P' tT DC 
VulHaGE 



Figure 2 



SERIES REGULATOR 



SHUNT REGULATOR 



The regulating devices are shown as variable resistors although in 
actual practice, the circuitry is more co^nplex. As the theory of 
regulation is developed and expanded the use of other components will 
be explained. The variable resistor is used initially to acquaint you 
with the concept of voltage regulation. 

The schematic shown in Figure 3 illustrates the principle of series voltage 
regulation. In this case, the regjjlating device 1s connected so that the 
output Todd current must pass through the regulator. 



UNREGULATED 
DC INPUT 



REGULATED 
DC OUTPUT 

I 

O— ^ 



X. Figure 3 

SERIES TYPE REGULATOR 

As you stuity the schematic you readily understand that as the input voltagp 
increasos<^he output voltage also increases unless thf regulrftor Rv conipfn- 
sates for, the additional increasos in some woyi This is exactly whal hopptwis. 
To compensate for the Increased voltage inpuN it 1s necessary to increase the 
resistance of the regulating device Rvi 
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Transist or , Voltagfi ; ^nd Current Regulators 



You arc iilreddy fami 1 idr wi tti inettiod'; uT.ot\ for rotllfyin?), increasinfj, 
and docroosing voltdycs* This lesson covers circuits which are desi(jned 
to regulate^ or maintain^ constant voltage and current outputs* These 
circuits are called either voltage or current r^gulators^ depending on 
their purpose* Since mar^y military electronic equipments require 
precise unchanging voltage and current inputs, these special devices 
are'often used In Navy equipments* Many of these devices^ are designed 
to maintain voltage or current outputs within plus or minus (+) 0*1%* 
Of course, the actual tolerance depends on the type of circuit and its 
criticality* 

The diagram in Figure 1 plctor^ally shows the purpose of a voltage 
regulator. Notice particularly that as shown^ the regulator modifies, 
or changes^ the OC output by reducing the output ripple. 





RECTIFIER - 
FILTER 


ov 


■ 

VOLTAGE 
REGULATOR 


DC 

ov 


INPUT 


^ 


^ 

OUTPUT 



Figure 1 
PURPOSE OF A VOLTAGE REGULATOR 
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Zener provide sufficient regulation and/or current handling capability, 
a different type of regulating device is required. The device which 
provides good regulation and current handling capability is the transistor. 

Figure 5 shows the schematic for a typical transistor series voltage 
regulator. 




Figure 5 



SERIES VOLTAGE REGULATOR 



Notice that instead of a variable resistor a transistor is used. 
Ql functions in much the same way that the variable resistor functioned. 
The advantage, of course, is that the transistor responds almost 
instantaneously to very small changes in input voltage or load. 

Examine the schematic, paying particular attention to the voltages 
shown. These voltages are used to help you understand how the regulator^ 
functions. Notice that the Zener diode CRl is a 15 Volt Zener. Recall 
that the Zeper maintains a constant voltage across it. This voltage is 
used as a reference in transistor regulators. In this example, the 
Zener provides the reference base voltage for Ql, 

Since Ql is a series dropping device, all current from the power 
supply flows through it. Increases and decreases in the forward bias of 
the transistor result in transistor resistance changes and thus cause 
changes in c<jrrent flow. With the 20 volt input shown and the 15 volt 
Zener voltage, the regulated DC Output remains at 14,3 volts. s 

When the input voltage increases there is a momentary increase in the output 
voltage. At this time, the mre positive voltage on the emitter of Ql causes 
the forward bias of Ql to decrease, causing an increase in the resistance 
of Ql, 'The increased resistance produces a larger voltage drop across 
t)ie transistor, thereby maintaining a constant output voltage. Since 
the transistor operates automatical ly» the change takes place in less 
than a microsecond. 



The Increased resistance results in a larger voltage drop across the 
rti(julat1ng device thereby causing Lho output volta<]e to remain constant. 
If you have concluded that ariy decrea^;e in the Input voltage results In 
a corresponding decrease in the resistance of the regulating device, Rv 
you are correct. The decrease In resistance reduces the voltage drop 
across the regulator and this causes the output voltaot* to remain 
constant. 

Fluctuations In input voltage are thus compensated for by the regulating 
device. Increases and decreases In load current are also compensated 
for by the regulating device. When the load current increases there is 
a decrease In the resistance and voltage drop across voltage regulator 
Rv. Because of the smaller voltage drop across Rv, the voltage drop 
across RL remains almost constant. Spend a few moments studying the 
schematic to nake sure you Understand how the regulating device functions. 
As you do th1s» consider how Rv compensates when the load Is decreased . 

Figure 4 shows the schematic for a shunt type voltage regulator. 
Notice that the regulating device is connected In parallel with the 
load resistance RL. Because the regulating device Rv Is connected In 
parallel with the load RL» the regulatpr and load share the saine output 
voltage. 



^r\y increase In the input voltage apears across the parallel combination 
of RL and Rv, causing a momentary increase In the output voltage. To 
maintain the original output voltage, the resistance of the regulating 
device Rv Is reduced. Because the resistance of Rv Is reduced, more 
current flows through it. The Increased voltage^drop across Rs reduces 
the voltage drop across RL* thereby maintaining a constant voltage. 

Now consider how the regulator functions when the Input voltage decreases. 
If you have concluded that a decrease In Input voltage causes an 
Increase In the resistance of regulating device Rv» you are correct. 
Make sure you fully understand this concept before you proceed further. 

Although It Is possible to compensate for voltage variations by using a 
variable resistor^ this type of regulator has limitations. A regulator 
that operates continuously and automatically without external manipulation 
Is required. One such voltage regulating device Is the Zener diode. 
Although the Zener Is a better regulating device than the variable 
resistor, it also has limitations. The primary limitation Is limited 
current handling capability. Because neither the variable resistor or 




Figure 4 



SHUNT TYPE VOLTAGE REGULATOR 
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The schematic In Figure 7 is that of a transistor shunt type voltage regulator. 
Notice that the cornponents of this circuit are Identical with those of the 
series regulator except for the addition of the fixed resistor Rs. 




Figure 7 



SHUNT TYPE VOLTAGE REGULATOR 

As you study the schematic notice that series dropping resistor Rs Is 
connected In series with the output toad resistance. Note also that 
Zener diode CRl and current limiting resistor Rl function as a voltage 
divider to provide a constant DC potential to the base-collector 
junction of Ql. Recall that one of the characteristics of ^ shunt type 
voltage regulator is that the regulating device is connected In parallel 
with the lotd resistance. Since Ql Is connected in parallel with RL, 
the regulator fnust be a shunt type. 

The schematic shown shows a 10 volt unregulated Input voltage. Since 
the voltage drop across Zener diode CRl remains constant at 5 volts the 
voltage drop across Rl will remain at 5 volts as long as the Input 
voltage and the load current remain^constant* In this example the 
required output voltage Is 5»7 volts. With the 10 volt Input the 
voltage drop across the series aiding resistor remains at 4.3 volts. 
You have probably concluded that the voltage drop across this resistor 
Is the key to the total circuit operation and that as long as the Input 
voltage and load current remain constant, the voltage drop across Rs 
remains constant at 4.3 volts. 

Now consider how th^ regulating device operates, to compensate for 
changes In the input voltage. With an input voltage of 10.1 volts the 
output voltage momentarily increases to 5*8 volts. Because CRl and Rl 
are connected tn parallel with the load the increased voltage Is also 
reflected across Rl. Due to the increased voltage drop across Rl, the 
forward bias of Ql is increased slightly. This increase in forward 
bias results in a decrease in the transistors resistance thereby 
allowing more current to flow. Since the current must also flow 
through Rs» there is an Increase In this resistor's voltage drop. In 
this case» the voltage drop across Rs becomes 4»4 volts* Simple 
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Monentery decreases In Input voltage result In temporary drops In 
output voltage until the regulator compensates for the decrease. The 
regulator compensates for the change almost Instantaneously. 

Ai\y decrease In the Input voltage Increases the forward bias of transistor 
Ql (less positive voltage on emitter). The increased forward bias is 
coupled with a decrease in the transistor resistance. Because of the 
lower resistance, there is a smaller voltage drop across the transistor 
and therefore the voltage drop across the load remains constant. Make 
sure you understand how the regulator compensated for Input voltage 
variations before you continue with this lesson.- 

The schematic shown In Figure 6 is identical with the one shown In 
Figure 5 Including the voltages. Refer to this Figure as you study the 
explanation as to what happens when the l oad current changes. 




Figure 5 
SERIES VOLTAGE REGULATOR 



As long, as the load current and input voltage remain constant the 
output remains unchanged. Changes In the load current must also be 
compensated for by the regulating device. When the load current 
Increases, there Is a smaller 'voltage drop across RL. This Increases 
the forward bias and reduces the resistance of the transistor. The 
decreased tratislstor resistance results In a smaller voltage drop 
across the transistor, and at the same time the voltage drop across RL 
returns to normal. Since this happens almost instantaneously the change 
Is not visible on an oscilloscope screen or measurable with other test 
equipment. Before proceeding further, consider how the regulator 
compensates for a decrease in load current. A clear understanding will 
help you understand the rest of this lesson. 
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Thi^ causes the voltage drop across Rs to return to Its former state. 
If you have concluded that the components react in the opposite way 
when the load current decreased you are correct. 

You have learned how basic series and shunt transistor voltage regulators 
work and perhaps have wondered how regulation may be improved. A pictoral 
diagram of a circuit which produces a higher degree of regulation is shown 
in Figure 9. This circuit makes use of a voltage comparator. 
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Figure 9 



SHUNT DETECTED SERIES REGULATOR 



A thorough understanding of how the comparator works will enable you to 
understand how very precise voltage regulation Is accomplished. 

Notice that a voltage divider is connected In shunt^ or parallel, with 
the output of the voltage regulator. The divider is made up of Rl and R2. 
Changes In the output voltage are detected at the junction of the two 
resistors. A change In the regulated output Is referred to as the error 
signal. This voltage^ or potential^ 1s applied to the voltage compar- 
ator. Examine the diagram and also note that a reference voltage Is also 
appHed to the comparator. The purpose of the comparator Is to compare the 
error signal with the reference voltage and based on the comparison develop 
an output voltage which Is called the correctiwi signal. The correction 
signal^ or voltage^ is applied to the base of the regulating transistor and 
the transistor changes resistance to compensate for the Increase or decrease 
in output voltage. 
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mathematics i^lll. convince you that this change assures an almost 
constant Output voltage of 5,7 volts (e.g. ^10-1 - 4.4 * 5.7). 

Again refer to the schematic shown in Tigurfi 7 and consider what 
happens wtirn the Input voltacje drojjs. As<;timp that the Input voltii<)e 
drops to 9,0 volts. The yoltase drop across Rl then becrtnes 4.9 volts. 
Recall that the voltage drop across the Zener reinains constant at 5 
volts and that the total voltage drop across the Zener and RI is equal 
to the Input voltage. ■ Thus, the voltage drop across Rl changes to 4.9 
volts. Of course, the output voltage also momentarily drops to 5.6 
volts. 

As the forward bias of Ql decreases the current flow through the 
transistor also decreases. This reduces the voltage drop across 
Rs to 4.2 volts, thereby restoring the voltage drop across RL to 5.7 
volts. This change is almost instantaneous and cannot be shown on an 
oscilloscope or demonstrated with other standard test equipFnent. 

You may have wondered how the regulator compensates for changes In the 
load current. Refer to the schematic shown In Figure 8. Notice it Is 
identical to the schematic shown in Figure 7 except for the voltage 
drop shown across the series dropping resistor Rs. Recall that the 
series dropping resistor is the key component of the shunt type voltage 
regul ating device. 




Figure 8 
SHUNT nPE VOLTAGE REGULATOR 



As the load current increases through RL, the voltage drop across the 
series dropping resistor Increases. This momentarily reduces the 
output across RL and causes QI to compensate for the changes. 

The increased voltage drop across Rs, causes a reduction in the forward 
bias of the transistor, thereby increasing the transistor*s resistance. 
The Increased transistor resistance reduces the amount of current that 
flows through the transistor by the same amount that the load current 
Increased. Thus, the final current through RS remains almost unchanged. 
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This is shown in the schematic as a voltmeter with no reading and means 
that the circuit shown is balanced and ha; no output. Variations in the 
error voltage affect the entire circuit. A positive error signal results 
in an increase in the forward bias of Q2 and a decrease in the resistance of 
the transistor. The smaller resistance allows more current to flow through 
R2, which decreases the voltage at the collector of Q2. Simultaneous with 
this there is an increase in the current flow through R3. This reduces the 
forward bias of Ql and the collector current of the transistor. The decline 
in collector current at Ql is offset by an increase in its collector voltage. 
Thus, we see that the collector voltages of Ql and Q2 are 180**out-of-phase 
with each other. Therefore vvhen the collector voltage of Q2 is more positive, 
the collector voltage ..f ^1 1s less pw^itive. You can readily understand 
this when you substitute numerical values. For example, with an error 
signal of + 1 volt the collecL^r voltage of Q2 may be 2.5 volts less positive 
arvd the ct)llector voltage of Ql 2.5 volts more positive, providing a source 
of negative and positive correction signals. 

Again, consider the schematic and consider how a neg<it1ve error signal 
affects the various circuit components and how the comparator compensates 
for such a change. Because you already understand what happens when a . 
positive signal occurs, reverse logic will enable you to understand what 
happens when a negative error signal is produced. Substituting mathematical 
values, including transistor gains, will help you understand. Rememher, 
Ql and Q2 are identical with equal out-o f -phase collector voltages. 
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The schematic shown in Figure 10 is a voltage comparator that is ^art of a 
shunt detected series voltage regulator. 
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Figure 10 
VOLTAGE COMPARATOR 

Operation of the comparator will be explained fir:".. Identical transistors, 
Ql and Q2, and load resistors Rl and R2, are used with a conimon emitter 
resistor R3 to form the balanced circuit. The circuit shown Is often called 
a differential amplifier , because It amplifies the difference between the 
Inputs to Ql and 



ml 



Notice that a reference voltage. of 10 volts is applied to the base of 
Ql and that In this example an Identical voltage is applied to the base of 
Q2. The difference in the input voltages to the base of Ql and Q2 Is 
referred to as the error signal. As long as the voltage applied to the 
base of Ql and Q2 are identical, the potential between collectors of the two 
transistors st^s at zero. 
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The schematic shown in Figure 12 is that of a Darlington type amplifier. 
This type of amplifier has the advantage of high input impedance and high 
gain. Notice the triangular symbol in the upper right hand corner of the 
schematic. The symbol is the Greek letter delta (A) and it is used to desig- 
nate changes. 



-f Vcc 



INPUT 




A380ma. A = delta 

OUTPUT 



Total Current Gain 



INPUT 

A 400ma. 
A I ma. 

400 



Ck « 400 ma. ' OUTPUT 



Figure 12 

DARLINGTON AMPLIFIER 

As you study the schematic notice that the emitter of QI Is connected to the 
base of Q2. The enitter output current of QI Is thereforar^he base current 
of Q2, This type of circuit results in a current gain whith Is %he product 
of the current gain of the individual transistors. 

Since, both transistors shown have a gain of 20, an Input of 1 milliail)pere 
at the base of QI will result In a 400 milliampere output from the emitter 
of Q2. Of course, ^he output of Uie Darlington type amplifier Is depertdent 
on the amplification factor of each of the transistors. Transistors a/e v 
available with a variety of gains and gains in excess of 100 are common* 
The advantage of the Darlington amplifier is readily apparent. 
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Refer to the schematic shown in Figure 11 and notice a series regulator^ 
Q3» and two additional resistors have been #dded to the comparator circuit. 
R4 and R5 contlne with R5 to form a voltage divider across the output 
terminals of the supply. The wiper of R5 will control the power supply 
output voltage level. 



Q3 




Figure 11 
SHUNT DETECTED SERIES REGULATOR 



Ar\y change In the regulated output voltage Is sensed at the wiper arm of 
R5 as an error signal » which Is applied to the base of Q2« This causes an 
increase or decrease In the base voltage of 02 depending on whether the 
error voltage Is greater or less than the reference voltage* The forward 
bias' of the transistor Increases or decreases^ depending on the error 
voltage. 

The resistance of Q2 increases or decreases based on the voltage applied 
to the transistor base. This action causes the polarity of the correction 
voltage to U out-of-phase. with the error signal. The correction voltage 
affects the forward bias of Q3 to compensate for load current or Input 
voltage changes. The comparator circuit thus provides a hfgh degree of 
sensitivity to signal change and thereby eliminates changes in the output 
voltage. 
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You are familiar with voltage regulators and understand how they operate to 
provide constant output vdltages. It may have occurred to >ou that in some 
cases It Is both necessary and desirable to regulate current. The circuits 
which provide current regulation are called current regulators. Of course, 
when current regulation is accomplished there is a loss of voltage regulation. 
If you have deduced that current regulation Is similar to voltage regulation 
you are correct. 




Figure 14 
CURRENT REGULATOR 



Except for the addition of RI» the circuit shown in Figure 14 is Srimilar to 
a series voltage re^lator. RI is connected in series with the load resistance 
and senses current changes. 

* ^ 

Notice the voltage drop indicated across RI and the resultant negative 
polarity affecting the emitter of Ql. This negative voltage tends to 
decrease the forward bias on the transistor. Because the regulated voltage 
across the Zener has an opposite polarity, the actual bias of the transistor 
Is the difference between the two voltages. Resistor R2 functions as the 
usual current limiting resistor for Zener diode CRl. 
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Since you understand how voltage regulators* voltage comparators* and the 
Darlington type amplifier operate, it is easy to understand how these 
circuits are combined to regulate volt^ige and current outputs- 

i 

The schffliatk shown in Figure 13 is that of a Shunt Detected Series Rogulator 
which uses both a voltaq** Cfmiti.irtiror ;in(! DarUnytnn Ainplifior. 




Figure 13 

SHUNT DETtCTKD SERIES REGULATOR 

Notice that Q3 and Q4 make up the Darlington amplifier and that the emitter 
output of (J4 is applied to the base of Q3. Recall^how this results in a 
high current gain and that this gain is the product of the current gains of 
the two transistors. 

When the DC Input increases, a positive error voltage is produced at the 
base of Q2t which is part of the comparator circuit, ^tc^.^*: t'-e Cvllect'jr 
voltage of Q2 is out of phase with the base, it appears, as a negati/e 
correction^ signal at the base of (J4. 

This causes_a decrease In the forward bias of Q4 and results In a smaller 
base current for Q3 and an Increase in the resistance of Q3». Due to the 
increased resistance there is a greater voltage drop across Q3 which compel 
sates for the increased Input voltage. 
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Narrative Thirty-2 

The decrease In the transistor*s forward bias, results in a change tn the 
transistor's res^1stance.'v The transistor resistance is now 14 ohms. Notice that 
the 5 ohm Increase in transistor resistance corresponds to the 5 ohm decrease 
In load' resistance! Thejefore, the total resistance around the outside loop 
of the circuit remains constant. 

Because the circuit is a current regulator, the voltage output varies as the 
regulator maintains a constant current output. In the example shown the 
output voltage is reduced to 4 volts cofnputed as follows: E=IR (400 ma. X 10 
ohms « 4 volts). At this time you should again refer to the schematic in 
Figure 15 and consider the effect of an increase in load resistance. 

You know that circuit breaker: and fuses offer some protection to components 
when circuits are overloaded. Unfortunately, their response time is not rapid 
enough to prevent damage to delicate semi-conductor junctions and components. 
For this reason a sensitive, more responsive circuit is required. The circuit 
which provides protection from current^ overloads Is called a current limiter. 

Figure 16 is a simplified schematic for a current limiter. The purpose of the 
limiter is to protect components against current overload. If you have 
concluded that ^he current limiter circuit is almost identical with a current 
regulator, you are correct. The one basic difference is the size, or value, 
of the series resistor. 
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Figure 16 
SIMPLE CURRENT KMtTER 



The resistor Vfhich is used In the current limiter has a smaller resistance 
value than the cijrrent regulator resistor. In order for the current limiter 
to work, a reference voltage must be provided. For simplicity the reference 
voltage circuit is depicted as a box in the schematic. If you are unable to 
recall circuitry which provides a reference voltage refer to other parts of 
this lesson or the programmed instruction. 
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The schematic shown In Figure 15 is Identical with the schematic shown 
1n Figure 14 except voltage^ resistance and current values are shown^ 
The values dre shown to help you understand how the regulator works and are 
referred to in the narrative which follows. 




Figure 15 
CURRENT REGUUTOR 



Notice that the voltage drop across the base-emitter of Ql is 0.6 volt* 
This voltage is the difference between the Zener voltage and the voltage 
drop across Rl. The voltage drop across RL is 6 volts. The regulated 
current output with the values shown Is 400 ma* This can be readily proved 
by substituting the given values in Ohms Law* In thic case the load current 
(i) Is equal to the outerloop voltage drop (E), divided by the output loop 
resistance (R). Therefore: 12 +30 » 0.4 amperes or 400 milllamperes. 

Again refer to Figure 15 as you read the explanation concerning the operation 
of the regulator. Recall that af\y decrease in load resistance causes a 
corresponding increase in current flow. Assume that the load resistance RL 
has dropped from 15 ohms to 10 ohms.. This results In a greater voltage drop 
across Rl, due to the increased current flow. The voltage drop across Rl is 
now 2.5 volts. Of course, the voltage drop across the Zener renialns constant 
at 3 volts due to Its regulating ability. Because of the increased voltage 
drop the forward bias of Ql is now reduced to 0,5 volt. 
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Notice the part of the circuit designated as the Shunt Voltage Regulator. 
The function of this part of the total circuit is to convert* or change* the 
unregulated DC input voltage to a reference voltage. Note that a variable 
potentimeter determines the reference voltage and indirectly determines the 
current limiting level. 

The circuit on the right hand side of the schematic is also one which you are 
familiar with - the Darlington amplifier. Remember the output of this type 
amplifier is the product of the gain of the Individual transistors. 

The addition of R2 Is necessary in order for the limlter to operate. 
The purpose of this resistor is to sense the load and convert It to a 
voltage drop for control of th'^ Darlington Amplifier. Based on a reference 
voltage of 3 volts* the operation of the limlter is now explained. 

With a voltage drop of 2.4 volts across R2* the load current Is approximately 
1.6 amperes. With these values Ql and Q2 have a potential of 0.3 across 
their base-emitter junctions. This forward bias Is small enough to cause 
the resistance of the transistors to Increase* thereby reducing the output 
voltage. This limits the current output to 1.6 amperes. Notice that 
the current output level may be changed by adjusting , the current limiting 
resistor R5. 

You should now be familiar with circuits which are used to regulate* or 
control^ voltage and current outputs. As you complete the Job Program for 
this lesson you will work with the NIDA Model 201 Power-Supply Trainer. The 
circuits used In this trainer combine all the regulation circuits you have 
studied. As you become f:imniarwith the NIDA equipment you will better 
understand how the regulation devices operate together to accomplish complete 
regulation. 

YOU NOW HAVE COMPLETED THE NARRATIVE FOR LESSON 2, MODULE 30. CONGRATULATIONS! 
AT THIS POINT* YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY* PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW CF THE PROGRESS CHECKQUESTIONS* THE CORRECT ANSWER PAGE 
WILU REFER YOU TO THE APPROPRIATE PAGES* PARAGRAPHS* OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU' 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL* OR MOST* OF THE LESSON* SELECT 
ANO USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION* AUOIO/VISUAL MATERIALS (IF 
APPLICABLE)* OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR* UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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Figure 16 

SIMPLE CURRENT LIMITER 

Notice that the reference voltage shown Is 3 voUs. This voltage and the 
voltage drop across Rl determine the forward bias of Ql and ultimately the 
total output voltage. Normally^ Ql Is heavily forward biased, and saturated. 
Since the total load current passes through Rl, the voltage drop across the 
resistor Is a direct Indication of the load current. When the load ^current 
Increases there Is a corresponding Increase in the voltage drop across Rl. 
When the current Timit point is reached, the Increase in voltage across Rl 
reduces the forward bias of Ql. The resultant Increase in the transistor's 
resistance causes a decrease in the output voltage and current. 

The schematic shown in Figure 17 shows how the current Umiter is used in an 
actual circuit. When you study the schematic you see that the circuit is in 
fact made up of two circuits which you are already familiar with and understand. 
Each of the circuits and their contribution to current limiting are now 
discussed. } 

OAHIKCTOK AMPLIFIER 
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FigLTe 17 

CURRENT LIMITER CIRCUIT 
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SCHEMATIC DIAGRAM 
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WITH PC 201 INSERTED 
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OVERVIEW 
LESSON 3 



SCR Power Supply Circuits 



In this lesson you will learn about Silicon Controlled Rectifier (SCR) power 
supply circuits and their application. You will learn how these circuits 
operate to control and provide high value DC current outputs. You will also 
learn why SCR power supplies are more efficient than other types of power 
supplies. 

The learning objectives of this lesson are as follows: 
TERMINAL OBJECTIVE(S): 

30.3.50 When the student completes this lesson {s)he will be able to 

IDENTIFY the schematic diagrams, component functions, and operational 
principles of SCR power supply circuits, including the relationship 
between the conduction time of an SCR and the DC output voltage. 
100^ accuracy is required. ( 

ENABLING OBJECTIVES 

When the student completes this lesson^ (s)he will be able to: 



30.3.50.1 IDENTIFY the operating characteristics of a silicon controlled 
rectifier (SCR), including the conditions controlling the start, 
duration , and stop time of SCR conduction, by selecting the 
correct statement from a choice of four. 100% accuracy is 
required. 

30.3.50.2 IDENTIFY the advantages of SCR power supplies by selecting the 
correct set of their characteristics from a choice of four. 100% 
accuracy i^^ required. 

30*3.50.3 IDENTIFY the schematic diagrams of full-wave, half-wave and 

bridge typ£ SCR power" supplies by selecting tlie correct name or 
diagram from a choice of four* 100% accuracy is required. 

30.3.50.4 IDENTIFY the function of components and circuit operation (including 
their control of SCR conduction time) in full-wave, half-wave^ ^ 
and bridge-type SCR power supplies by selecting the correct 
statement from a choice of four. 100% accuracy Is required. 
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LIST OF STUDY RESOURCES 
LESSON 3 

SILICON CONTROLLpn RECTIFIER THEORY 



To learn th^ material in this lesson, you have the option of choosing, 
according to your experience and preferences, ariy or all of the following 
study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Programmed Instruction 
Na rrat i ve . 

Student's Guide: 

Summary 

Progress Check 



Enrichment Katerial(s): 

NAVSHIPS 0967-000-0120 "Electronic Circuits", Electronics Installation 
" and Maintenance Book (EIMB), Naval Ship Engineering Center, Washington, 
dTU.I U.S. Government Printing Office 1965. 



YOU MAY USt ANY, Or ALL, RI SC IKCl I IMIlt AnOVC, INCIDDING THF LEARNING 
CENTER INSTRUCTOR; HOWFVER, ALL MAIIRIAIS I ISTHt) ARI NOT NFCCSSARILY RFQUIRFP 
TO ACHIEVE LESSON OBJECTIVIS. Illl I'ltOCHrSS CHECK MAY Bt TAKEN AT ANY TIKf". 
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. OVERVIEW 

30.3.50.5 IDENTIFY the relationship between SCR conduction time and the 
amount of DC output voltage in full-wave, haU-wave and bridge 
type SCR power supplies by selecting the correct explanation from 
a choice of four. lOOX accuracy is required. 



BEFORE YOU START THIS LESSON. READ THE LESSON LEARNINr, OBJECTIVES ANP 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PARE. 
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The difference betvfeen the diode and the SCR 1s that even when the SCR 
is forward biased^ It will not conduct until an adequate positive voltage 
Is applied to Its gate. Of course once conducting^ It behaves like a 
diode and continues to conduct until the forward bias Is removed or a re- 
verse bias Is applied. This gate voltage may be momentary^ since 
a continuous gate voltage is not required to assure continued current 
flow. If you have difficulty understanding the concept of SCR gating 
please refer back to Module 25 or study an alternate form of this lesson. 

Since the gate has turn^on capability only when the SCR Is forward 
biased^ once the SCR is conducting the gate no longer has control over the 
SCR regardless of the gate potential. The SCR Is turned off only when It 
It Is reverse biased and the gate has no effect. 

The schematics shown In Figure 2 are for a half^wave diode power supply 
and a half-wave SCR power supply. 




Figure 2 

HALF-WAVE DIODE HALF-WAVE SCR 

POWER SUPPLY POWER SUPPLY 

(UNFILTERED) (UNFILTERED) 

The SCR power supply Is similar to the ordinary diode power supply 
which you have studied previously. The only difference Is that SCRs are 
used Instead of diodes and the SCRs have the capability of controlling the 
conduction tiire and the amount of current which ultimately reaches the 
filter and )oed. Study the schematics and notice that even though they 
are essentially Identical » several additional components have been added 
to the SCR power supply. These components, consisting of RI, R2, and 
CRl, are used to trigger or turn on the SCRs. 
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SUHMARY 
LESSON 3 



SCR Power Supply Circuit s 

A power supply which provides a maximum aniount of power output Is required 
for some transmitters, receivers, computers, radar systems and other 
electronic equipments. The pwer supply which provides this high current 
output with a minimum Internal power loss is the sllcon controlled rectifier 
(SCR) type power supply. 

The $yihbols for a regular diode and an SCR are shown In Figure 1. 

These syiribols are provided to help you understand the difference between 

the two cofnponents. 



C URRENT FLOW CU RRENT F LOW 

+ ANODE ^ ATHODE ■ ^ AMOPg ^ CATHODE - 

V^^y ^ GATE 

SCR DIODE ' 



Figure 1 
SCHEMATIC SYMBOLS 



Both the diode 4nd SCR have a cathode and an anode. However, the SCR has 
an additional element which Is called the 9ate. The gate provides the 
triggering or turn-on capability for the SCR. 

You already know that neither the diode nor the SCR conduct when the>y are 
reversed biased, and therefore block current flow through other components 
which are connected In series with them. 
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Figure 4 shows? the schematic for a half-wave SCR power supply. 




OUTPUT 



Figure 4 



UNFILTERED SCR HALF-WAVE POWER SUPPLY 



f 



Rl» R2 and CRl make up a half-wave gating network for the SCR power 
supply. SCRI and RL are the half-wave SCR components. 

Recall that an SCR will not conduct unless it is forward biased and a 
positive potential is applied to its gate. Therefore current flows through 
Rl and R2 only when terminal A of Tl is positive. At this time CRl is 
forward biased. When terminal A becomes negative CRl is reverse biased and 
current does not flow. Voltage is developed across R2 only during the 
positive half cycle and the Q^te triggers the SCR at this time. This means 
that SCR current can only flow during the positive cycle. 

The waveforms shown ifflmediater/ to the right of the schematic indicate 
the output of the power supp'ry during positive alternations. Trace the 
current flow and make sure you understand how this half^wave SCR supply 
rectifier operates before proceeding further. 

Since the gate voltage is dependent on the voltage divider, the firing 
time of the SCR may be changed by changing the value of the voltage 
divider resistors. For example, if the resistance of R2 is increased* 
the gate voltage trigger level on the SCR will be reached sooner, 
resulting in an earlier SCR turn on. This causes the SCR to conduct for a 
longer period of time before the positive alternation ends and the SCR 
again becomes reverse biased. Thus, the output voltage is variable 
by mclking R2 a variable resistor, * 
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The waveforms shown in figure 3 show inctorially how the SCR operates 
with an AC Input. 



INPUT SIGNAL 



TRIGGER 
ON THE GATE 



OUTPUT 




Figure 3 
SCR TIMING WAVEFORMS 



Notice that as long as the Input signal Is negative, current cannot 
flow and consequently there Is no output. Even when the input signal 
becomes positive and the SCR Is forward biased^ the SCR will not conduct 
until a positive trigger voltage Is applied to the SCR gate. This 
voUage must equal or exceed the o^te or trigger voltage rating of the 
SCR. SCRs with different trigger voltage ratings are available. Make 
sure you understand the waveforms shown and the time the SCR conducts and 
when it stops conducting, before proceeding further with this lesson. 

Although half-wave SCR power supplies are seldom used» an understanding 
of their operation will help you understand how the full-wave SCR power 
supply operates. ^ 
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Thus far the explanation has been concerned with one-half of a fyll-wave 
SCR rectifier* The schematic shown In Figure 5 represents a full-wave 
SCR rectifier* Recall that the advantage of full-wave rectification is 
an output which has twice as nwny pulses and is therefore easier to 
filter* The gating networks for the SCRs are shown In shaded blocks* 




Figure 5 

FULL-WAVE SCit POWER SUPPLY 

Waveforms shown in Figure 7 illustrate the output of the full-wave ^CR 
rectifier during two complete Input cycles* Study the waveforms and 
schematic shown In Figures 5 and 7 in order to make sure that you understand 
how the fuli-wdve SCR power supply operates* 
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FULL-WAVE SCR RECTIFIER WftVEFORMS 
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Mdveforms shown In llcjure 5 lllustratn the effect of different resistance 
values of R2 and tho correspond imj output of the SCR. Note particularly that 
a larfle value of R2 results In an earlier firing time and tnet the qate 
potential and the ouLjHJt is only present during the positive Input ryclo. 
This Is shown by the two wavefomis inniediafely below the Input wavefonm. 
Stu4y the other waveforms to make sure you understand what happens when R2 
has a small value, and a filter is added to the output. 



OUIPUT 



OAIC 



DC OUT 



1^ 


— 1^ 


r\ 








1 








r\ 




H 

































Figure 5 
HALF-HAVE SCR WAVEFORMS 
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The addition of filter components to any of the SCR power supply circuits 
will provide a smooth DC output voltage, instead of the pulsating voltage 
shown on many of the output waveforms. Circuit operation remains the 
same. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAME SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL "WAT YOU HAV£ FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UJ^TIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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FuH-wdve SPt power sup|)11es, like full-wave diode power supplies, require a 
center tapped transformer secondary^ and therefore^ only ha*f of the 
transfonners secondary potential is utilized at any given time. In order 
to make full use of the secondary voUage an SCR bridge power supply my 
be used. 

In many respects the SCR bridge power supply is identical to a regular 
bridge diode power supply. The schematics shown in Figure 8 should 
acquaint you with the similarities of the two types of powe^ supplies. 



A 




Figure 8 

STANDARD DIODE BRIDGE- SCR BRIDGE POWER SUPPLY 

Notice particularly that the only difference between the two schematics 
Is that the SCR bridge power supply uses two SCRs and gating or triggering 
networks. Also notice that the SCRs are connected so that one of the SCRs 
Is always In series with the load. Stated in simpler tenns, one of the SCRs 
always controls the load current. It may be advantageous if you trace 
around the circuit and familiarize yourself with the concept that SCRl Is 
in series with CR4 and SCR2 is In series with CR3. 

When terminal A of Tl Is positive, CRl, CR3 and SCR2 are forward biased. 
This also causes current to flow from terminal B of Tl, through R2» CRl, Rl 
and back to terminal A. No additional current flows at this tinie due to the 
fact that SCRS has not been gated or triggered. When the voltage drop 
across R2 reaches the firing potential for SCR2, the SCR conducts and 
current flows from terminal B through-SCR2 to ground. The current path to 
terminal A Is thereby completed from ground on the bottom of RL through CR3. 
This current path exists until the polarity of the voitage across the 
secondary reverses. When terminal A is negative with respect to terminal B, 
the actibn Is similar. This secondary voltage polarity will forward bias 
SCR1» CR4 ejid CR2. Trace the current paths for this alternation to be sure 
you understand the SCR bridge power supply. 
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"c^ high current with low power loss 



(z^ The symbol shown in Figure 1 is that of an SCR. In addition to the symbol 
for an SCR, the symbol for a regular diode is also shown. This is to help you 
understand the difference between the two components. The additional element 
of the SCR is called a gate. The gate is used to trigger operation of the 
SCR. This will be discussed in greater detail in subsequent frames. 
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Figure 1 



The element which triggers an SCR is called a 



gate 

Besides the advantage of low power consunption, SCR power supplies have 
the ability to vary conduction time and therefore the amount of current that 
reaches the filter and load- Whenever the SCR conducts, its resistance is very 
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PROGRAMMED INSTRUCTION 
LESSON 3 



SCR Power Supply Circuits 



TEST FRAMES ARE 6» ID, 17» 20» AND 2R. PROCEED TD TEST FRAME 6 AND SEE IF YOU 
CAN ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER TME TEST FRAME. 



In Lesson 2 you learned how regulators function to maintain constant 
voltage and current outputs. You undoubtedly recall that resistors and 
transistors were used as voltage dropping devices in these circuits and that 



devices consume power* less power is available for the circuit load. In other 
words the power consumed by the voltage dropping device is -not available to 
the equipment load and is therefore wasted power that appears as heat. 
You already know that some transmitters* receivers* computers* radar systems*- 
electric welding equipment and battery chargers have high power requirements* 
It Is therefore desirable to have some means whereby a maximum a^unt of power 
can be provided with d^lnlmum of internal loss. The power supply which 
provides high current output with a minimum of power loss uses a Silicon Con- 
trolled Rectifier or SCR. The SCR power supply circuit has the advantage of 
high current output and minimum internal power loss. 

The main advantage(s} of an SCR power supply is/are: 
a. higher voltage output ^ 
b* greater load resistance 

c, high current with low power loss 

d. voltage doubling and current regulation 




these voltage dropping devices consume power. Because these voltage dropping 
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7^ Once a forward biased SCR has been triggered by the appl icatlort of a 
positive triggering voltage at the gate, the SCR wi11 continue to conduct 
even If the gate voltage Is reJnoved. The SCR will conduct until the forward 
bias between the anode and cathode Is removed or a reverse bias is applied.! 

A forward biased SCR will continue to conduct until • 

a, the gate signal Is removed 

b, a negative voltage Is applied to the gate 

c, the forward bias is removed or a reverse bias applied 

d, the gate voltage exceeds the SCRs forward bias 



c^ the forward bias is removed or a reverse bias applied 
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The amount of time that dn SCR conducts may be 




Although SCRs are often used to control alternating current they can also 
be used to control direct current. The qate signal may be AC or DC providing 
that the gate voltage Is large enough to trigger the SCR into a conducting 
state. SCRs are available with diff(»rent triggering or gate voltages. 
Though In some respects the SCR Is Identical to a standard diode^ there are 
some significant differences. Neither the diode nor the SCR will conduct when 
they *5re reverse biased. In other words they block curent flow through 
components that are connected in series with them. 1 
The main difference between the diode and the SCR H that a forward biased 
SCR will not conduct until a positive voltage is applied to the SCR gate 
terminal. The positive gate voltage may be momentary since a continuous gate 
voltage is not required to assure current flow in the SCR. Of course once 
conducting, the SCR will continue to conduct until forward bias is removed or 
a reverse bias Is applied. 

A forward biased SCR conducts whenever an adequate 

a. negative voltage is applied, to the gate 

b. positive voltage Is applied to the gate 

c. positive voltage Is applied to the cathode 

d. negative voltage Is applied to the cathode 



K positive voltage is applied to the gate 
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1. a. 3 ' 

b. 1 

c. 2 

2. d. forward biased and an adequate sHive signal appliec to the 

gate 

3. a. the forward t^as of the SCR is rL.ioved 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST FRAME 10. 
OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING 
TEST FRAME 6 AGAIN. 

7^ SCR power supplies are very similar to ordinary diode power supplies which 
you have studied previously. The full-wave SCR power supply differs from a 
full-wave diode power supply only in the respect that SCRs are used instead of 
diodes and the SCR has the capabil ity of being able to control the conduction 
time and the amount of current which ultimately reaches the filter and load. 
Figure 3 shows the schematics for a full-wave SCR power supply and d full-wave 
diode power supply. 




NETWORK 

Figure 3 

FULL WAVE SCR FULL WAVE OIOOF 

POWER SUPPLY 157 P*>WER SUPPLY 
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(6^ THIS IS A TEST FRAME. COMPLETE THi TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH Tiff CORRLCI ANSWERS GIVEN AT THE TOP 01 THE PAGE FOl^LOWING THE 
TEST QUESTIONS. RKFER 10 THE SCHEMAriC SYMBOLS SHOWN IN FIGURE 2 IN ORDER TO 



ANSWER QUESTIONS I THKOUGII 3. 



Figure 2 

K Which number identifies the SCR (a) anode > (b) cathode 

(c) gate ? 

2. The SCR will conduct when It is . , 

a. forward biased and an adequate negative signal is applied to the 
gate 

b. forward biased and an adequate negative signal is applied on the 
cathode 

not biased and there is a positive signal on the gate 

d. forward biased and an adequate positive signal is applied to the 
gate 

3. The SCR will stop conducting whenever . 

a. the forward bias of the SCR is removed 

b. the gate signal is reiroved 

c. d negative signal Is applied to the gate 

d. the gate signal 1s Increas^ 

COMPARE YOUR ANSWERS TO THE CORRECT ANSWERS GIVEN ON THE NEXT PAGE. 
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Study the waveforms shown in Figure 4. TheJse wavoforms depict pictorially 
how the SCR operates. 



INPUT SIGNAL 



TRIGGER 
ON THE GATE 



OUTPUT 




Figure 4 
SCR TIMING WAVEFORMS 



ERIC 



The waveform at the top of the figure shows the AC input st^U As with all 
s-ine waves, the Input changes from positive to negative In relation to the 
zero volt reference/ Recall that current flows through an SCR only when the 
SCR is forward biased and after the SCR is triggered by a positive voltage on 
the gate. Remember that SCR gate voltages may vary and that SCRs are avail- 
able with .different triggering voltages. The middle waveform In Figure 4 is 
that of the triqcfer or <>iLe, and finally tho wavefifnii nhown at the hoftom Is 
for Lhi^ ouLpuL. An ijnd(!rsL*indin!i dI l\\v Inlprrvinf liin\li1p of th*fse wavofonn<; 
v/ill helh you understand how the SCK rncLlflpr operafo%. 
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* 

Notlcft that th« schematics are essentially Identical except additional compon- 
ents have been added to the SCR power supply. SCR 1 and 2 are used in 
place of the 2 diodes, CR& and CR6. Two acting networks consisting of Rl. 
H2, R3, CRl and CR2 are used to trigger the SCRs. This will be discussed 
In greater detail in subsequent frames. 

Components which perform the same basic function as CR5 and CR6 in the full-wave 
SCR power supply are . 

SCRI and SCRZ or vice versa 
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Figure 4 
SCR TIMING WAVFFORMS 



Refer to the waveforms shown in Figure 4 to answer the following question. 
The SCR will provide an output again at time frame 

a. T6 ^ / . 

b. '. T7 ' ■ ' 

c. T5 \ 

d. None of the above 
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le waveforms shmn In Figiire 4 shm t^at as long as the Input signal is 



fpgatlve, no current flows and consequently there is no output. Even when the 
Input signal becomes positive and the SCR Is forward biased* the SCR will not 
conduct until a positive trigger voltage is applitd to the SCR gate. T;ps 
voltage must equal or exceed the gate or trigger voltage rating of the SCR. 

Again refer to the waveforms in Figure 4. Notice tra^c the trigger voltflge on 
the gate reaches maxiinum du>1ng time sequence T4. Since the SCR Is forK^rd 
biased* It conducts until the forward bias Is removed or a reverse bias is 



Notice that the output commenced Immediately when the trigger voltage on the 
gate reached the trigger level and that even though th^ gate voltage reversed 
polarity, the SCR continues to conduct until the forward bias reaches zero or 
the SCR Is reverse biased. Study tne \/avefonns shown In the Figure to make 



between the Input signal and output signal. This Is absolutely essential to 
enable you to understand how the SCR power supply works. 




applied. 



sure you understand how the gate triggered the SCR and the relationship 
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(lo) THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
Ti.?T pUESTIONi. 
i- Once thfe SCS conducts it will continue to conduct until 

a. the gate voltage changes to *'turn off*' the SCR 

b. the gate voltage exceeds the forward bias of the SCR 
c- th^ SCR is revers r*d biased 

d. the gate vdltayr i!rops to ZLro 
2. The gate of an SCR has the capability of turning the SCR 

a. "on" and "off*' regardless of the bias of the SCR 

b. "on" when the SCR is forward biased 

c- "on" or "off" depending upon the gate voltage 
d. "off" when it is reverse biased 



1.G3 
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(9^ Recall that a positive voltage on the 9^te, when the SCR Is forward 
^biased, allows current to flow. In effect the gate has start up control over 
the SCR. Once thef SCR begins conductincj^ the gate loses all control* The SCR 
Continues to conduct until the SCR forward bias U r**in^ve(i or a reverse bias 
IS applied. Once the gate triggers SCR, control is lost until the SCR goes 
through th<* cc^nplete pycle of beii-^g reversed biased and once again becomes 
forward biased. At this time the gate again has control. Stated quite simply 
this means that the gate only has a "turn on" capability. 

"he gate of a silicon controlled rectifier has control only when the SCR is 

a. reversed biased and the gate voltage is positive 

b. forward biased and the gat,e voltage is negative , 

c. reverse biased and the gate voltage is both negative and greater than 
the bias of the SCR % 

d. forward biased and the gate voltage is positive 



"dl forward biased and the gate voltage is positive 
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Compare your answers to the correct answers below. 
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1. 


c. 


the SCR is reverse biased 


2. 


b. 


"on" when the SCR is forward biased 


3. 


b. 


T4 


4. 


d. 


T5 


5. 


c. ' 


K and T7 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 17 OTHERWISE 
GO B/CK TO >RAME 7 AND TAKE THE PROGRAM SEQUENCE BEFORE TAKING TEST FRAME 10 
AGAIN. 

Tl^ Although half-wave SCR power supplies are seldom used, due to the diffi- 
culty of filtering the output, examination of th(. half-wave SCR power supply 
will help you to understand how the full-wave SCR power supply operates. The 
schematic shown in figure 6 is that of one-half of a full-wave SCR power 



supply. 




HALF-WAVr SCR PfJWL. idPPLY 
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STUDY THE WAVEFORMS SHOWN IN flGURE 5 IN ORDER TO ANSWER QUEsnOMS 3, 4 AND 5. 



INPUT SIGNAL 



TRIGGER 
ON THE GATE 




Figure 5 

3. The SCR will begin to conduct at time 

a. Tl • 

b. T4 

c. T5 

d. T2 and T3 

4. Once the SCR has been triggered it will continue to conduct until time 
frane . 

a. T3 

b. T4 

c. T6 •• 

d. T5 

5. The SCR will conduct starting with time frames 

a. Tl and T5 

b. T2 and T5 

c. T4 and T7 

d. Tl and T5 
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Using Figure 8 as a reference and assuming that Rl and R2 are equal, when the 
peak voltage of terminal A is 100 volts, wha+ is the waveform present at the 
top of R2 through two complete cycles? 



100V- 

ov 

50 V- 
OV- 



7\ A 



A A 



Figure 8 



OV 
100V 



ov 

50V 
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13^ Recall that once an SCR is forward biased it conducts, when a positive 
voltage is applied to the gate. In other words, the gate fires the SCR. 
Remember also that oner the SCR starts to conduct it continues io conduct as 
long as it remains forward biased. Study the schematic shown in Figure ^ and 
notice that the SCR is forward biased during each positive alternation, when 
terminal A is positive with respect to Jterminal B. 



INPUT 



CR1 



V 



OUTPUT, 



OV- 



OUTPUT 



Figure 9 " 
HAI I -WAV! SCM I'OWI « SUPPl Y 
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The gating network for this power supply is wiade up of Rl» R2» and CRl. If 
you do not recall how half-wave r^rLffh-rs op*nrtL<* ir^inq regular diodes^ 
refer back to the lessons concrrnfnij h*iK*wav(* rccLiliers. When teminAl A 
of Tl Is positive^ CRl Is forward biased; therefore^ current is allowed to 
flew through Rl and R2. During the second half of the input cycle when 
terminal A Is negative^ CRl Is reverse biased and no current is allowed to 
flow through the resistors. Voltage Is developed across R2 only during the 
positive half cycle. This voltage is applied to the gate of the SCR and 
triggers the SCR. 

During the negative Input cycle when terminal A of Tl beCOTes negative^ CRl Is 

(reverse/forward) biased and (will/will not) allow current to 

flow through Rl and R2. 



reverse^ will not 



|l2^ Again refer to the schematic shown in Figure 5. When Rl and R2 are of 
equal value^ a peak voltage at terminal A of 100 volts will result in the 
waveform shown In Figure 7> taken at the top of R2 through two complete 
cycles. This voltage is used to trigger SCRl. 



50 
OV 



7A A 



Figure 7 
GATE TRIGGER WAVEFORMS 

lfi2 
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15^ The wavefonn shown in Figures 10 and 11 illustrate the effect of diffprent 
resistance v^ilues of R2 and the corresponding output of the SCR. Notice 
that a large value of R2 results In an earlier firing time and that the 
output is present only during the forward biased positive input cycle. This 
is reflected by the waveforms 2 and 3 immediately below the input waveform. 
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HALF-WAVE SCR RECTIFIER WAVEFORMS 



In order to cause the SCR to fire earlier it is necessary to 

a. increase the resistance of Rl 

b. decrease the resistance of RL 

c. increase the resistance of R2 
equalize the resistance of Rl and R2 



c^^ increase the resistance of U? 
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Slimjltdnouus with this* a positive signal is present at the rectifier's gate. 
When the gate triygers the SCR» current flows from lenni^ial R through RL and 
the SCR to terminal A. This causes n voltage drop across RL that is positive 
at the junction of RL and the SCR* 

Current can flow in the SCR 

a. whenever terminal A is positive 

b* during the negative alternation only 

c. as long as the SCR is forward biased and a negative voltage is 
appl ied to the gate 

d. only as long as a positive voltage is applied to the gate 

^ » A 4^ A A A A A A f» A 4^ A » 4^ » A AAA A4^4 4^A4^A 4^ a f»4^4^AAA AA4^AAA f»AAAAA4^AAA4»AAf»AAA»»A AAA AAAAA 

al whenever terminal A is positive 



14^ Because the magnitude of the gate voltage is dependent on the voUage 
divider Rl and R2» the firing time of the SCR may be changed by changing the 
values of the voltage dividing resistors. For example^ if the resistance of 
R2 is increased^ the gate turn-on voltage for the SCR will be reached rooner 
and :r will be turned "on" earlier* This will result in the SCR conducting 
longer before the. positive alternation ends and the SCR becomes reverse 
biased* The amount of power output may also be varied by ^king R2 a variable 
resistor. 

Increasing the resistance of R2 causes the SCR's gate voltage to reach turn-on 
potential 

a# later 

b* sooner 

c. has no effect 

d* cannot tell unless information concerning the forward bias of the SCR 
is available 




ol sooner 
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16^ The waveforms shown in Figure 11 indicates what happens when the value of 
R2 is reduced. 



1T1 SCCO*«OART) 
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Figure 11 
HALF^WAVE SCR RECTIFIER WAVEFORMS 

Reducing the value of R2 delays the time when the gate is sufficiently positive 
to turn "on" the SCR. In this case the SCR is turned "on" approximately midway 
in the positive sine wave cycle and current flows for about one-half the ttme of 
the positive alternation. 

Reducing the value of R2 

a. delays the triggers or turn-on time 

b. accelerates the trigger or turn-on time 

c. h^s no effect on tfir triggering capability of the gate 

d. only effects the output voltdne 



a. delays tne trigger or turn-on time 
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ELECTRICITY 



REFER TO THE WAVEFORMS SHOWN IN FIGURE 13 WHEN ANSWERING QUESTIONS 3 
THROUGH 5. 
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Figure 13 
HALF-WAVE SCR RECTIFIER WAVEFORMS 
3. Which waveform indicates the SCR firing level when R2 has a large 
resistance value? 
a. 1 

2 , ^ 

c. 3 

d. i 

ipq 
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it) this is a test frame, complete the test questions and compare your 



ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAfiE FOLLOWING THE 
TEST QUESTIONS. REFKR TO TIC DIAGRAM SHOWN IN FIGURE I? IN ORDER TO ANSWER 
(JUI SI IONS I AND 2. 




Finure 12 
HALF-WAVE SCR RECTIFIER 



1. Increasing the value of R2 will cause the SCR to trigger 

a. later 

b. sooner 

c. will have no ef^fect 

d. cannot tell based upon information given 

2. If the resistance of R2 is decreased, the output voltage of this half-wave 
power supply 

a. increases 

b. decreases 

c. rCTiains the same 

d. cannot be determined from information given 

IPS 
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1. b 

2. b 

I 

3. 1 

4. 3 

5. 2 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 20 OTHER- 
WISE GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST 
FRAME 17 AGAIN. 

Up to this point the explanation has been concerned with one-half of a 
full-wave SCR rectifier. The schematic shown in Figure 14 represents a 
full-wave SCR rectifier. The advantage of this circuit is that the output has 
twice as many pulses as that of the half-wave rectifier which was previously . 
explained, and it is easier to filter. Output waveforms are shown for filtered 
and unfilter&l outputs. 




Figure 14 
FULL-WAVE SCR RECTIFIERS 
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4. ' Whtch wdvefonu s\mts the SCK firimj level when has a small resir.tance 
vulue? 

a. 1 

b. 2 

c. 3 

d. 4 

5. Which waveform shows the output with a large resistance for R2? 

a. 1 

b. 2 

c. 3 

d. 4 

COMPARE YOUR ANSWERS TO<|iE CORRECT ANSWERS GIVEN AT THE TOP OF THE NEXT 
PAGE. 
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Decreasing the resistance of R2 and R3 wilt cause the SCRs to 

a. ft re soojter 

b. have no effect on the firing time 

c. ftre later 

d. increase the output of the rectifier 
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'cZ fire later 



(20) THIS IS A TEST FRAM£o COMPLETE THE TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE CORRECT ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE 
TE : QUESTIONS. 

TO THE SCHEMATIC SHOWN IN FIGURE 16 WHEN ANSWERING QUESTION 1. 




Figure 16 

1. Decreasing the value of R2 and R3 resulting in 
voltage across RL. 
a^ a decrease 

b. an increase 

c. no change 

d. none of the above 
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no response required 



(TqJ) The waveforms shown in Figure 15 indicate the output of the full-wa^'e SCR 
rectifier during cocnplet'^ input cycles. Notice that with such a rectifier* 
there is d voltage across the load during each alternation of the sine-wave 
Inputs The bottom wavefonm shows the total output of the SCR through two 
complete cycles^ 
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(TOTAL VOLTAGE ACROSS RL) 



Figure 15 
FULL -WAVE SCR RECTIFIER OUTPUT 



Recall that changing the values of R2 and R3 will change the firing or 
triggering time of the SCRs. If the resistance of these two resistors is 
increased, the 'firing time will be earlier^in the inPut cycle and the output 
voltage will increased. 
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1. a. a decrease 

2. d. all of the above 

3. b. 2 

IF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST FRAME 28. 
OTHERWISE GO BACK TO FRAME 18 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING 
TEST FRAME 20 AGAIN. 

Recall that a full-v^ave SCR power supply like the full-wave diode power 
supply requires a center-tapped transformer secondary and therefore ft utilizes 
only half of the transformer's secondary potential at any given time. To make 
full use of the secondary voltage, an SCR bridge power supply may be used. The 
SCR bridge power supply in many ways is identical with a regular bridge diode 
power supply which you have previously studied. Figure 18 shows schematics 
tor a standard diode bridge power supply and an SCR bridge power supply. Spend 
sotne time acquainting yourself with the similarities of the two types of power 
supplies befo'e proceeding. 



I 
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STUDY THE WAVEFORMS SHOWN IN FIGURF 17 IN ORDFR TO ANSWER QUESTinNS 2 AND 3. 



OUTPUTS 



SCR1 SCR2 




UNFILTERED FILTERED 



Figure 17 

2. The amount of output ripple is determined by 

a. the triggering voltage of the SCR gates 

b. the conduction time of the SCRs 

c. the different values of R2 and R3 

d. all of the above 

3. Which waveforms represent the output when the value of R2 and R3 is 

i 

small . 

a. r 

b. 2 

COMPARE YOUR ANS^,: ftS TO THE CORRECT ANSWERS RIVEN';AT THE TOP OF THE NEXT 
PAGE . 
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Refer to the SCR bridge power supply schematic shown in Figure 19, 



T1 



FK 



tNPUT 




OUTPUT 

1/2 CYCLE 




OUTPUT ^ R. 



Figure 19 
SCR BRIDGE POWER SUPPLY 

Notice tfiat o;i1y two SCRs are used and that they are connected in such a way 
that one of tlie SCRs is always in series with the load. This eliminates the 
p'jed for 4 SCRs. In other words, one of th? SCRs always controls the load 
current. It may be helpful to trace ai"ound the circuit in order to familiar- 
ize yourself with the concept that SCRl is in series with CR4 and SCR2 is in 
series with CR3. 



no response required 
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A bridge type sCR pow^r Sijpply ^ 

a. Hiikes full use of the SfKofxiary voltaqe 

b. has high vottflge output capflciry avflilflble without usif>g a higher 
voltage transformer 

c. has no advantage over regular full-wave power supply 
d^ both a ar>d b 



both a and b 



22^ Ref^r again to the schematics shown if> Figure 18. Notice that the only 
difference between these two schematics is that the SCR bridge po^ supply 
uses two SCRs af>d gating or triggtring networks. 




SCR 1 and SCR 2 replace diodes 



and 



ir> the standard diode 



bridge power supply. 



CRl and CR2 or vice versa 
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Figure 19 
..^R BRIDGE POWER SUPPLY 

Refer to Figure 19 above for Frame 25* 

Now, when ts^rminal A is negative on the next alternation the following 
action tf % place* Initially^ CR2. is forward biased^ and current flows 
fron Lerminal A through R3» rR2 and R4 to terminal B* When ^.;e voltage 
dcrosc'R3 becomes large enough, the gate voltage for SCRl will reach the 
firing level* Since SCRl is forward biased (cathode negative with respect 
to ?inode) a path for current is established from terminal A» through SCRi to 
ground, from ground on the bottocn of » throi/qh CR4, (forward biaserf) to 
terrj^fnal B* 



no response required 
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A<jd1n refer to the schematic shown in figure 19, To h/>lp you understand 
the operation of th1s\SCR bHdgc rectif jor> current paths have been indicated 
with broken lines* At such t^nie as ten-ma] A of Tl is positive^ CRl will 
be forward biased* This mea^is that current flows from tenninal B of Tl 
through R2, CRl and Rl back :o terminal A* No other current can flow until 
SCR2 has been gated or triggered* When the voltage drop across R2 rises to 
the firing potential for SCR2, the SCR conducts and current will flow from 
terminal B through SCR2 to ground* The current path tc terminal A is 
thereby completed from ground on the bottom of RL and through CR3* This 
current path exists until the polarity of the voltage across the secondary 
reverses* 

During che half cycle when terminal A is positive, which diodes are conducting? 
a* CRl, CR2, SCRl 
b* CR2, CR4, SCR2 
c* CRl, SCR2, CR3 
d* CR2, :R2, CR3 



c* CRl, SCR2, CR3 
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27?) The Input output waveforms for the SCR bridge type power supply previou 
discussed are shown in Figure 21. Study the output waveform and notice the 
wide range of outputs which are possible due to the variation of signals by 
changing the setting of R2 and R3. (Variations shown shaded) 




Figure 21 

yr bridge: power supply waveform 
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[26^ The schanatic shown in Figure 20 is also for an SCR bridge power supply* 
The only difference Is R2 and R3 have been replaced with variable resistors* 
In tills case the resistors are mechanically coupled or ganged* 




Figure 20 
SCR BRIDGE POWER SUPPLY 



Because the gating voltages may be changed or modified as a result of changing 
the values of R2 and R3, the power supply outpr voltage may be varied to any 
desired value within the circui' capability merely by rotating the control* 

Ih^^ (*K)wc*r sujvly Outpo' vo'it^ge r*ay be Changed by . 



chariging the value of R2 and R3 by rotating the control or something to 
that effect* 
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1. c. both a and b 

2. changing the value of R2 and R3 by rotating the control or something to 
that effect. 

IF YOUR ANSWERS KATCH THE ANSWERS GIVEN ABOVE YOU HAVE COMPLETEO THE 
?ROGRAMMEO INSTRUCTION FOR LESSON 3, MOOULE 30 --.CONGRATULATIONS! 
IF YOUR ANSWERS DO NOT MATCH, GO BACK TO FRAME 21 ANO TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 28 AGAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU nt HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNOERST/.NO AIL, OR MOST, OF THE LESSON, SELECT 
=ANO USE ANOTV ^ WRITTEN HEOIUM OF INSTRUC"" ION, AUOIO/VISUAL MATERIALS (IF 
APPLICABLE), ^ CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNITL YOU CAN 
ANSWER ALL SEi.F-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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no response required 



@ THIS IS A TEST FRAME. COMPLETE THE TEST QUESTIONS AND COMPARE YOUR ANSWERS 
WITH THE CORRECT AHSWERS GIVEN AT " £ TOP OF THE PAGE FOLLOWING THE TEST 
QUESTIONS. 

1. A bridge type'power supply . 

a. has a high voltage output capacity available 

b. makes full use of the transformers iecondary voltage 

c. both a and b 

d. has no advantage over a regular full wave power supply. 

REFER TO THE SCHEMATIC SHOWN IN FIGURE 22 IN ORDER TO ANSWER QUESTION 2. 
T1 



INPUT 




Figure 22 
SCR BRIDGE POWER SUPPLY 



2. The bridge power supply output voltage may be changed by 
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In order to fully understand the SCR power supply, it 1s necessary to 
unde^st^nd the difference between SCRs and other diodes. Although both 
conlinrjfr condfjctinq when forward biosed^ thp SCR will not be^in conducting 
until an adequate positive voltage i% oppHed to its g^te• 

This voltage may be momentary since a continuous gate voltage is not necessary 
to assure continued current flow. Once triggered, or gated, the SCR will 
continue to conduct even when the gate voUage is removed. However, different 
SCR types trig:er at different gate voltagt„. 

Th'^ t Tiling waveforms shown in Figure 2 illustrate when the SCR conducts in a 
half*wave SCR circuit* 
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Figure 2 
TIMING WAVtFORMS 
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NARRATIVE 
LESSON 3 



SCR Power Supply Circuits 



In lesson 2^ you learned how regulators function to maintain constant 
^ Itage and current outputs. Recall that resistors and transistors were 
used as voltage dropping devices in these circuits and that these voltage 
dropping devices consume power. Because voltage dropping devices consume 
power, this power is not available for the circuit load. It is therefore 
desirable to have circuits where a maximum amount of power is provided with 
a minimum of internal power loss. The power supply which provides high 
current output and a minimum of internal power loss is the Silicon Controlled 
Rectifier (SCR) power supply. 

Beside the advantage of low power consumption* th^ SCR power supply may be 
designed to vary SCR conduction time and therefore the amount of current 
that reaches the filter and load. 

The synibol shown in Figure 1 is that of an SCR. 



In some respects both the dioda and SCR are identicaf. Both have a cathode 
and anode and both conduct when forward biased and stop conducting when 
forward bias is removed. 

The SCR has one additional element which is called the 9^t2. This elerrtent 
triggers or turns the SCR "on" when a predetermined positive oHage is 
applied^' and the SCR is forward biased. 

Both full-wave and bridge SCR power sup^ ies operate in the sane wey as 
regular diode power supplies. The difference exists because ot the triggering 
or gating capability of the SCR. 
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Figure 1 



SILICON COMROLLEO RECTIFIER (SCR) 
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Figure 3 " 
HALF^WWE DIODE RECTIFIER HALF-WWE^CR POWER SUPPLY 



When you study the schematics notice that the only difference between the 
half-wave diode rectifier and the SCR power supply Is the gating network. 
This network Is made up of Rl» R2» and CRl. Study the schematic on the lert 
and make sure you understand how the half-wave rectifier operates, refer 
back to previous lessons concerning half-wave rectification. 

Refer to the half-wave SCR schematic shown in Figure 3. When terminal A of 
Tl is positive, CRl is forward biased and current flows through Rl and R2. 
The voltage across R2 is applied to the gate of the SCR. triggering the SCR 
and causing it to conduct. During the second half of the Input cycle, 
terminal A is negative, CRl is reverse-biased and current cannot flow 
through the resistors. Voltage Is only developed dCrOSS R2 during the 
positive cycle. Durinq the negative cycle> SCRl Is reverse-bidsed «nd 
current cannot flow. Once the Input again becomes positive. SCRl Is forward 
biased and conducts when a positive gate, or trigger, voltage Is applied to 
the gate. Du-ing the negative alternation both SCRl and CRl are reversed 
biased and current cdnnot flov/ in either branch of the circuit. 

Figure 4 sK>/s the schematic for a half-wave SCR power supply and the output 
v;aveforms for different values of R2. 
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The top waveform shows the Input signal as an alternating current spinal. 
As with all sine waves, the Input varies frcm positive to negative ^n 
relation to the zero volt reference. Sinct current flows only when the SCR 
is forward biased and when a positive trigger voltage gates the SCR, the SCR 
does not conduct until T4. 

The SCR will not conduct from Tl through T4 because it is reverse biased. 
Even when the SCR becomes forward biased at (T3-T4) it does not conduct 
until a positive trigger voltage Is applied to the gate. In this example 
this happens at time T4 Remember that once the SCR conducts, it continues 
to conduct even tiioujh the gate voltage is removed. The SCR stops conducting 
when It is again reverse biased. The period of conduction is indicated by 
the output waveform shown at the bottom of Ftgure 2. Sttjdy all of thti 
waveforms shown in order to determine when the SCR will again conduct- 



Figure 3 shows the schematics for a half-wave diode rectifier and a half-wave 
unfiltered SCR power supply* 



Although half-wave SCR power supplies are seldom used, due to the difficulty 
of filtering the output, an understanding of their operation will help you 
understand how the full^wave SCR power supply operates. 
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HALF-WAVE SCR POWER SUPPLY 



Figure 3 
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Up to this point the explanation has been concerned with one half of a - 
full-wave rect'fier. The schematic shown in Figure 6 represents a full-wave 
SCR power Supply. Since the full-wave SCR power supply has twice as many 
output pulses as the half-wave power supply, the output voltage is easier to 
filter. 




Figure 6 
FULL-WAVE SCR POWER SUPPLY 



W^vefoms Imrodiately to the right of the schematic indicate unfiUered and 
filtered outputs of the two SCRs and the effect of changing the values of R3 
and R2. If it has occurred to you that replacing R3 and R4 with variable 
resistors results in manual control of the output* you are correct. Make 
su'-e you understand how the full-wave SCR power supply operates before 
proceeding further with this lesson. You may wish to trace current flow on 
the schematic to help you und^?rstand the operation of the various components 
during the different phases of the input cycU. 

The waveforms shown in Figure 7 indicate the unfiUered output of the 
full-wave SCR power supply during two complete input cycles. 

Study the waveforms and notice that with such a power supply there 1s an 
output during one half of the sine wave cycle. The bottom wave^'onn shows 
the total output of the SCR through two complete input cycles. Recall also 
that changing the value of R3 and R2 changes the firing or triggering time 
of the SCR and the average output of the rectifier. 
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Because the gate voltage pn the SCR is dependent on voltage divider action, 
the SCR can be made to fire at different times In the input cycle by merely 
changing the resistance ratio of reststors Rl and R2. An early turn-on of 
the SCR results In an Increase In ttie .ivoraqe vnltaqe across the res1<;t1ve 
load RL and a delay results In a docriMsc In the avoraqp voltage. 



Both of these effects are Ulustratetl in the output waveforms on the right 
side of Figure 4. Note particularly that the peak amplitude of both waveforms 
Is Identical. * 




Figure 5 



^ HALF-WAVE SCR POWER SUPPLY WITH FILTER 



Addition of a filter capacitor to the circuit shown in Figure 5 prov.ides an 
average DC output level. This output varies with the size of R2' as shown by 
the waveforms to the right of the schematic. Since It is possible to vary 
the SCR's conduction time, the average DC output voltage may be controlled. ^ 
A long conduction time results in a large average DC output and a short 
conduction time results In a small average DC output. 




Karratiye Th1rty-3 
The schematic shown in Figure 9 is thdt of an SCR bridge power supply. 




^CR BRIDGE POWER SUPPLY ' 

Notice that the two SCRs used in this power f^upply are connected so one of 
the SCRs is always in series with the load. , Stated another way, one of the 
SCRs always controls the l^ad current. It may be helpful if you trace 
around the circuit and familiarize yourself with the concept that SCRl is In 
series with CR4 and SCR2 is in series vith CR3. 

To further help you understand the operation of this SCR bridge rectifier, 
current paths have been indicated with broken lines in Figure 10. 




UNFILTEREO SCR BRIDGE POWER SUPPLY 



When terminal A of Tl is positive^ CRl. CR3. «nd SCR? dro forward h1fl!;M. 
This causes current to flow from terminal B of Tl through R?> CRl, ond Rl 
and back to terminal A. When the voltage drop across R2 r;eaches the firing 
potential for SCR2, the SCR conducts and current will flow from terminal P 
^hT^ough SCR2 to ground. ^ The current path to terminal A is thereby 
completed from groUntj at the* bottom of RL and through CR3. This current 
path exists until th^pplarity of the voltage across the secondary reverses. 
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FULL -WAVE SCR POWER SUPPLY 



Full-wave diode power supplies require a center tapped transformer secondary 
that only utilizes one-half of the transformer's secondary potential at any 
given time. This is also true of full-wave SCR power supplies. In order to 
make full use of the secondary voltage a bridge power supply may be used. 
In mar\y respects the SCR bridge power supply is identical^ with a regular 
bridge diode power'supply. Figure 8 shows the schematics for a standard 
diode bridgp )ower supply and c SCR bridge power supply. Before proceeding 
further^ S some time acquainting yourself with the similarities of these 
two types Of power supplies. 




STANDARD DIODE BRIDGE SCR BRIDGE POWER SUPPLY 

Figure 8 



Close examination of the schematic shown in Figure 8 reveals that the only 
difference between the two schematics is that the SCR bridge power supply 
uses two SCRs and gating or triggering networks, 
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When terminal A is negative with respect to terminal CR2 is forward 
biased.' Refer again to the schematic shown in Figure 10. When the voltage 
drop across R3 Is large enough SCRl fires. Current then flows from terminal 
A to through SCRl to ground^ up from ground through Rl and CR4 and back 
to the positive side of the transformer. No other current can flow at this 
time due to the fact that SCR2 Is reverse-biased and not gated on. Spend 
some time studying these schematics in order to make ^ure" you understand how 
the current flows when the various SCR$ are gated or triggered **6n". 

The schematic shown in Figure 11 is for the same SCR bridge power supply. 
The only difference Is that R2 and R3 have been replaced with variable 
resistors. These resistors are mechanically coupled or ganged. The gating 
voltages may be changed^ or modified^ by changing the value of R2 and R3. 
The power supply output may be varied to any desired value within the 
circuit capablllly by merely rotating the control. 




Figyre 11 

VARIABLE OUTPUT SCR BRIDGE POWER SUPPLY 



AT THIS POINT. YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, YOU MAY TAKE THE LESSON TEST. IF \yOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE fARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST. OF THE LESSON, SELECT 
AND USE ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNITL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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IDENTIFY the function pf components and circuit operation of a 
complete SCR regulated power supply* given a "schematic diagram, 
bv selecting the correct statement from a choice of four. 100% 
accuracy is required. 

MEASURE, CALCULATE and COMPARE output voltage waveforms, and 
SCR conduction times in an SCR regulated power supply given a 
training device, circuit boards, teit equipment and proper 
tools, schematic diagram, and a job program containing references 
for comparison. Recorded data must be within limits stated on 
the job program. 

IDENTIFY the faulty component or circuit malfunction in a given 
SCR regulated power supply circuit, giyeji a schematic diagram 
and failure symptoms, by selecting the correct fault from a 
choice of four. 100% accuracy is required. 



* This objective is considered met upon successful completion of the 
terminal objective. 
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BEFORE YOU START THIS LESSON. READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. 
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OVERVIEW 
LESSON 4 

SCR Regulated Power Supplies 



In this lesson yoti will learn about SCR regulated power supplies and their 
application. You will learn how the power supply compensates for changes in 
Input and load. You will also Team how the SCR control circuit varies SCR 
firing time to maintain a constant voltage output. 



The learning objectives of this lesson are; 
TERMINAL .OBJECTIVE(S): 



to 



30.4.51 When the student completes this lesson, (s)he will be able 
TROUBLESHDOT and IDEIJiTIFY faulty components and/or circuit 
malfunctions in a regulated S^CR power supply circuit when given 
a prefaulted circuit board, schematic diagram, instructions and 
necessary test equipcnent. 100% accuracy is required. 

( * 

ENABLING OBJECTIVES: 

When the student completes this lesson, (s)he will be able to: 

. / 

30.4.51.1 IDENTIFY the function and basic principles of operation of the 
control circuit in an SCR regulated power supply, by selecting 
the correct statement from a choice of four. 100$ accuracy is 
required. 

30.4.51.2 , IDENTIFY the function and operating characteristics of the 

control amplifier and pulse generator stages of an SCR regulated 
power supply control circuit by selecting the correct statement 
from a choice of four. 100% accuracy is required. 

30.4.51.3 IDENTIFY the components that make up each of the two stages of 
an SCR regulated power supply control circuit, given a schematic 
diagram of the circuit, by selecting the correct list of components 
from a choice of four. 100% accuracy is required. 

« 

30.4.51.4 IDENTIFY the function of components and circuit operation of a 
two-stage SCR regulated power supply control circuit by selecting 
the correct statement from a choice of four. 100$ accuracy is 
required, * ^ . 

30.4.51.5 IDENTIFY the components which make up the individual circuits 
within a complete SCR regulated poWer supply^ given a schematic 
diagram, by selecting the correct list of components from a 

-choice of four. 100% accuracy is required. 
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SUMMARY 
LESSON 4 

SCR Regulated Rower Supplies 

In lesson three of this module you learned about SCR Power Supply Circuits and 
the advantages which these circuits provide over conventional , diode power 
supplies. This lesson covers circuits which have been designed to control the 
output of SCR Power Supplies. 

' If ^ 

By using control, circuitry, the amount of time the power yjpply SCRs 

conduct can be regul ated. Recall that the conduction time of the SCR 

determines the output voltage of the power supply. The control circuit also 

compensates for variations in input voltage and circuit load. The diagran 

shown in Figure 1 indicates pictorially how the conduction time of the SCP 

is controlled and shows the effect of varying SCR trigger times. 
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Figure \ 
CONTR^L^n^CUITS 



Two stages are required in order to control conduction time. Stage I is 
referred to as the control amplifier and stage ? my be referred to as the 
pulse generator. The output from the pulse nenerator is supplied to the SCR 
gates, and determines when the SCR's will triqger or fire. 
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LIST OF STUDY RESOURCES 
LESSON 4 

SCR Reau1ated*Power Supplies 

To learn the (materials in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 
study resources. 



Written Lesson presentation in: 

V 

Module Booklet 

Summary 
Narrative 

Programmed Instruction 



Student's Guide: 
Sunmary 

Progress Check 

Job Program Thirty-a "Srp Requlated Power Supplies" 
Fault Analysis (Paper Troubleshooting). I.S. 
Performance Test I.s. 

Additional Material{s): 

35 ran sound/slide "Thirtv-4 SCR ReOulated Power Supplies" 



Enrichment Material (s): 

NAVSHIPS 0957-000-0120 "Electronic 'Circuits" Electronics Installation and - 
Maintenance Book (EIMB) Naval Ship Engineering Center, Washington, D.C.: 
U.S. Government Printing Office, 1955. 



YOU MAY. USE ANY, OR ALL, HESOURGES LISTEO ABOVE, INCLUDING THE LEARNING 
CENTER INSTRUCTOR i HOWEVER, ALL MATERAILS LISTED ARE NOT NECESSARILY 
REQUIRED TO ACHIEVE LESSON OBJECTIVES". THE PROGRESS CHECK MAY BE TAKEN AT 
ANY TIME. 
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The scheniatic shown in Figure 3 is for the pulse generator circuit* 

Before the UJT can trigger or fire the SCR, the UJT's emitter-b^ase 1 forwai ' 
bias Ttust be adequate to trigger or fire the UJT* The UJT emilter-base 1 
forward bids is dependent on the charging time of CI* When the capacitor 
charges quicker^ the UJT fires sooner and the conduction time of the SCRs 
increase, thus increasing the output voltage* Delayed charging of CI causes 
the UJT to fire later with a corresponding decrease in conduction tirne and 
output voltage* 
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Figure 3 
PULSE GENERATOR CIRCUIT 



In addition to the basic circuit, Cl's charging action is shown in the upper 
left hand corner of the figure* 



During time cycle TO through Tl, Cl charges toward the UJT trigger level 
potential through R2* Because the UJT has not yet triggered the SCR* there 
is no output at this time* When the voltage across Cl reaches the trigger 
level of the UJT, the UJT fires* In other words* when the emitter-base 1 
junction of the UJT becomes forward biased, the UJT conducts* Th^s allows 
Cl to discharge rapidly through R4* The discharge current through R4 
produces the output pulse* ^ 
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The waveforms shown in the upper rigiit hand corner of the figure illustrate 
different turn*on times f6r the SCRs. The waveform at the extrerfi left (+) 
indicates an early turn-bn time, whereas the wavefonn on the right (+) shows 
a delayed turn-on, or gating. The waveform designated with the "N*' illus- 
trates the usual, or "normal" turn on time. The (+) and f-H signs denote 
the error voltage level that produces the particular early or late trigger. 
A less positive error voltage Is denoted by whiTe a more positive error 
voltage is denoted as ff). 

The pulse generator triggers, or gates, the SCRs on early, whenever there is 
an increase in load current or decrease in input voltage. It triggers the 
SCRs later to compensate for a decrease in load current or increase in input 
voltage* Make sure you understand this concept before proceeding further 
with this lesson. The schematic in Figure 2 shows the control circuit 
required for a typical SCR regulated power supply. 
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COKTROL CIRCUIT 



The control amplifier Is made up of Ql, current limiting resistor Rl, and 
collector load resistor R2. The pulse generator trigger frequency is 
determined by the charging time of CI. R2 and the variable resistance of 
Ql, together with CI determine Cl's charging time. 

The size of the error voltage detenr,ines the forward bias of Ql and this 
results in either an increase or decrease in the transistor's internal 
resistance. This change In Ql's resistance influences the time it takes 
CI to charge. This is a basic concept essential to understanding the 
operation of the control circuit. 

Again refer to the schematic shown in Figure 2 and the components which make 
up the pulse generator circuit. Th;s circuit is made up of unijunction 
transistor Q2,C1, R2, R3, and R4. If you do not recall how UJT's oscilJate 
to produce trigger output nulses, refer to Lesson 2 of Module 25. 

<* 
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Up to this point the explanation has concentrated on the control and trigyer 
ing circuits of the regulating device. A schematic for a typical SCR power 
supply together with control circuitry it shown on the foldout appended to 
the end of this lesson. This diagram i^the schematic for the NIDA SCR 
regulated power supply which you will use as part of the job program for 
this lesson. Refer to this schematic for the refjiainder of the lesson. 
Notice that the rectifier and filter circuit is designated with heavy lines 
and the control circuitry is shown with light lines. Notice that two bridge 
rectifiers are shown. The main bridge rectifier consists of SCRs Q3 and Q4 
and diodes CR5 and CR6, The other bridge circuit is made up of CR3, CR4, 
CR5 and CR6, This voltage is regulated by the Zener diode CRl and Rl.' The 
output of this bridge circuit is used to provide a positive regulated 
voltage to Ql and Q2 in the control circuit, and thus improve the total 
circuit regulating action. 

As you study the schematic notice that CR5 and CR6 are used in both of the 
bridge circuits. Since these diodes are used in both circuits th^ conduct 
more current than CR3 and CR4. 
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After the cspacitor discharges the, emitter-base 1 junction o1 the UJT again 
becocnes reverse biased and current no longer flows. CI now charges again 
and the cycle repeats. You should now understand the e'[fect of charging and 
discharging CI on the pulse generator circuit. 

Ql Is the variable component which influences the charging rate of CI. It 
operates somewhat like a variable*resistor to modify Cl's charging times. 
The schematic shown in Figure 4 depicts the transistor as a variable 
resistor Rqj, Recall that the resistance of h transistor changes depending 
on its base-emitter forward bias. If you are unable to recall this relation- 
ship refer to Lessen 2 of this module or Module 21. 
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Figure 4 • 

PULSE GENERATOR CIRCUIT 

The waveforms shown on the right side of the figure indicate the pulse or 
trigger time of the UJT for normal operation and trigger time when the input 
voltage of the power supply is increased. The waveforms on the left side 
of the schematic indicate when CI forward biases Q2 and causes the UJT to 
trigger qr pulse the SCR. 

Ar^y Increase In the input voltage increases the forward bias of Ql, thereby 
decreasing its resistance. This causes CI to reach maximum charge later and 
causes the' UJT to trigger the SCRs later. Study the schematic and waveforms 
and make sure you understand how changes in circuit load current effect the 
triggering or firing time of the UJT. . 
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The waveforms shown in Figure 6 show what happens when the Input voltage 
increases or the load current decreases. 
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Figure 6 

WAVEFORMS FOR INCREASED VOLTAGE OR REOUCEO LOAO 

Study these waveforms and those shown In Figure 5 In corrjunction with the 
NIOA SCR schematic and try to visualize how the various components cotJifiensate 
for changes In load and/or Input. This should give you a good understanding 
of h?w SCR regulated power supplies operate. 

If you have difficulty understanding the flfiaterlal in this summary read and 
study either the narrative or programmed instruction for this lesson. This 
summary only covers the major concepts of circuit operation. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEEO TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PACES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAfJ RnSTUDY THE PARTS OF THIS LESSON YOU ARE HAVING pIFFICULTY WITH. IF YOtI 

Frri. DfAT YOU mvr failfd to undfrmand all, m most, of thf lfsson. simci 

AND 1)^1 ANtmiU* WlfHTLN MLUIUM Of INMRIICTION, AUOIO/VlSUAL MATLRlAlS (U 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTRUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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The waveforms shown in Figure 5 are included to help you understand the 
operation of the power supply. 




Figure 5 

NORMAL OPERATING WAVEFORMS 

The solid wave^rms show a normal input and output for the power supply. 
The broken liney illustrate how the triggering time and output change when 
the load current is increased or the Input voltaqe decreases . 
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PROGRAMMED INSTRUCTION 
LESSON 4 

SCR Regulated Power Supplies 

4 J 

TEST FRAMES ARE 4, 10, 18, AND 22 PROCEED TO TEST FRAMES 4 AND SEE IF YOU CAN 
ANSWER THE QUESTIONS. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 

In Lesson 3 you learned that the SCR's conduction tirne deterniines the 

output voltage of an SCR power supply. Varying the conduction time will 

compensate for changes in input voltage or Toad current to insure a constant 

regulated DC output.' When the gate of the SCR is triggered earlier, current 

flows sooner, and there 1s a greater output voltage from the power. supply. 

Triggering the SCR later reduces the" period of time when current flows and. 

causes a decrease in output voltage. ^ 

Increasing the conduction time of an SCR results in 

a. a reduction in the power supply current output 

b. an overload on the SCR 

c. an increase in the SCR power supply output voltage ^ 

d. a possible circuit overload for the power supply. 



an increase in the SCR power supply output voltage. 
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The output of an SCR power supply may be varied by 

a. varying the conduction time of the power supply SCR(s) 

b. applying a negative voltage to the SCR gate 

c. inaking sure the SCR gate voltage is held constant 

d. none of the above 



a. varying the conduction time of the power supply SCR(s) 



Figu 



re 2 shows pictorially how the SCRs conduction time is controlled. 
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Figure 2 
CONTROL CIRCUITS 

Notice that two stages are required to control the conduction time of the 
SCR. Stage 1 is referred to as the control amiilifipr and Stage ?. my bo 
referred to as a [hiIsl* (jeneraLor. Ihe. input, or orror voltaqe may bt- rithn 
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^T) The drawing shown in Figure 1 depicts the sections which make up a 
regulated SCR power supply. 
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Figure 1 
SCR REGULATED POWER SUPPLY 

Notice that the regulated power supply consists of an SCR power supply 
circuit and a regulator control circuit. The pictorial drawing shown 
illustrates how the regulator control circuit functions to change 
the gate triggering tjmes. Varying the conduction time can therefore be 
used to compensate for fluctuations in the AC input voltage and variations 
in load current* Regulation is accomplished by detecting an error voltage 
at the output of the supply and using it to develop gate triggers that 
control SCR conduction The function of the control section is to 

'h- ■ 

convert a DC error voltage into variable time gate triggers. 
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cnore or less positive. The resistance of the control a'nplifier varies with 
the level of the error voUaoo. A more positive error voltage produces l^ss 
resistance in the control afiH'>lif1er stage. The control amplifier resistance 
determines whether the pulse generator triggers the SCR earlier or later. A 
small resistance in the control amplifier stage causes the trigger frodi the 
pulse generator to occur later than nornjal. The effect of the late trigger- 
ing on the SCRs in the power supply is that the SCRs conduct for a shorter 
period of time therefore reducing the output of the power supply. A 
large resistance in the control amplifier causes earlier triggering and an 
Increase In the power supply output. 

Notice the waveforms shown in the upper right hand corner of Figure 2. 

These waveforms indicate trigger time in relation to the input error voltage. 

The waveform on the left shows that when the error voltage is less 

positive^ the pulse generator triggers the SCR gates earlier^ and the \ 

waveform on the extreme right shows that when the error voltage is 

more positive^ the pulse generator triggers the SCR gates at a later time. 

Make sure you understand how the error voltage influences the pulse generator 

before proceeding further with this lesson. 

A more positive error voltage produces a smaller/larger ^than normal 

resistance for the control amplifier stage and causes the trigger from 
the pulse generator to occur earlier/later ^than normal. 



smaller, later- 
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I' a. varying the conduction time of the SCRs 
2. smaller, later 



IF YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 10 
OTHERWISE GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED. SEQUENCE AGAIN BEFORE 
TAKING TEST FRAf^E 4 AGAIN, 

At this point you are familiar with the basic concepts of how changes in 
SCR gating time effects the output of SCR power supply circuits. The 
schematic shown in Figure 3 illustrates the two stages of the control 
circuit and their inter-connection. 
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Figure 3 
CONTROL CIRCUITS 

The control amplifier circuit is made up of Ql , current limiting resistor 
Rl, and the collector load resistor R2, The pulse generator s .age is made 
up of the UJT Q?, CI and R2,^R3 ard R4. The triggrriny frequency^ of the 
circuit is determined by the action of CI, R2 and Ql. To help you better 
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/^ffSWERS WITH THE CORRECT ANSWLRS CilVI N AT THL TOP OF THE PAGE FOLLflWINC THF 
T£ST*QUESTIONS* 

U The output voltage of the SCR power supply may be varied by 

a* varying the conduction time of the SCRs 

b. applying a negative voltage to the SCR gates 

c* keeping the SCR gate voltages constant 

ii* none of the above 

2* A ntore positive error voltage produces a smaller/larger 

than normal resistance for the control amplifier stage and causes the 

trigger pulse from the pulse generator to occur earlier/later 

than normal- 
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The varying components which influence the time for CI to charge is 
a* RI 

b. Q2 

c. Ql 

* 

d. R2 



c. QI 



(T^ An understanding of how CI and C2 operate to trigger the SCRs will 
enable you to understand how the regulated power supply operates. 
Refer to the schematic shown Ik Figure 4. 
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Besides a schemati'c for the control rirntit,, I iqnrf> 4 shows an Input 
and an output waveform. Notice thcil. durinc) the time cycle TO 
through Tl, CI is charging toward V^f through R2. Since the UJT has not 
vet fired, there is no output from the Dower supply 
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understand'the operation of the control circuit, each of the circuit's 
Operations w11l be discussed separately. Notice Ql and Its associated 
components function to convert the DC error voltage Into a resistance 
which is in parallel with CI. When a positive error is applied to the base 
of QX, this Increases the forward bias of the transistor and produces a 
smaller internal resistance. Because the transistor is in parallel with CU 
the transistor influences the time it takes for the capacitor to charge. 
This is one of the essential concepts relating to this type of control 
circuit. 

A less positive error voltage increases/decreases ^the 

forward bias of Ql and produces larger/smal ler ^ transistor 

internal resistance. 



decreases, larger 

6^ Again refer to the schematic shown in Figure 3. Pay particular attention 
to the components which make up the pulse generator circuit. You^should 
remember from Lesson 2^ Module 25 that the UJT trigger circuit generates 
output pulses based on the time ii takes the capacitor to charge to a 
voltage sufficient to forward bias the emitter-base 1 junction of the UJT. 
R2 and CI are fixed components that determine this charging time. Thus. Ql 
will determine, based upon the error voltage applied to its base, the time 
required for CI to charge to the UJT trigger level. 
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After CI discharges^ tUe emitter-base one junction of the UJT 

becomes forward/reverse biased and begins/stops_ 

conducting. 



reverse^ stops ^ 

9^ So far we Jiave concentrated on the effect of the charge and discharge 
of CI in the pulse generator circuit. We will now see hov^ Ql affects the 
pulse generator circuit. Refer to the schematic shown in Figure 6 and the 
waveforms which are associated with this schematic. 



+ VCC 




Figure 6 

PULSE GENERATOR CIRCUIT INPUT-OUTPUT 

Changes in the Input cause changes in the forward bias of QI and a correspon^"- 
ing increase or decrease in the resistance of QK If you do not recall the 
relatft^iship ofHhese two concepts^ refer to Lesson 2 of this module^ or 
siudy Module 2L 
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During the time, franie TO through 11, f.l charges/discharges 



charges 



Refer to the schematic shown in Figure 5. 
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Figure 5 
PULSE GENERATOR CIRCUIT 

Once the voltage across CI reaches the trigger level of the UJT, the UJT 
fires. At this'time, the emitter-base I junction becomes forward biased 
and therefore, conducts. This allows CI to discharge rapidly through R4 to 
produce the output pulse. The current path is indicated by the broken 
lines in the figure. Once the capacitor discharges, the emitter-base 1 
junction of the UJT again becomes reverse-biased and current no longer 
flows. CI now begins to charge again. 
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The wevefonns shown on the left of Flqure f^ Indicate the trigqer time of 
the UJT under nonwil operating conditions {dotted) and when the output 
voltage of the power supply is^ Increased (solid). 

The waveforms shown on the right hand side of the schematic show a tiine 
line together with the corresponding output waveforms for the control 
circuit when It fires at a nonmal time and when it fires at a later 
time. A more positive error voltage causes Ql*s resistance to decrease. 
The decrease in resistance of Ql reduces the voltage at the top of CI 
and increases the time required for CI to charge to the trigger level, 
of the UJT. This results in a later triggering action. 

A decrease in the power supply's output voltage causes a less positive error 
voltage and a corresponding increase in the transistor's resistance. This 
increased resistance of Ql increases the voltage at the top of CI 
and decreases the time required for CI to charge to the trigger level of the 
UJT. In this case, when the output voltage decreases the UJT will 
trigger sooner. Be sure you understand how increases and decreases in the 
output voltage of the power supply change the pulse or trigger time of the 
UJT before proceeding further with this lesson. 

Any increase in the DC output voltage of the power supply causes a/an 

increase/decrease In the forward bias of Ql and a/an 

Increase/decrease in the transistor's resistance. 



increase, decrease 
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1, d. all of the above 
2* a. increase 
3* a. sooner 

K YOUR ANSWERS MATCH THE CORRECT ANSWERS YOU MAY GO TO TEST FRAME 19. 
OTHERWISE GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE AGAIN BEFORE 
TAKING TEST FRAME 10 AGAIN. 



llj Thus far we have been concerned v:;th circuits which control the SCR 



regulated power supply. A schematic for a typical SCR power supply together 
with regulator control circuitry is shown on the fold out at the end of.this 



supply which you will use as part of the job program for this lesson. You 
win also refer to^his schematic diagram throughout the remainder of the 



Notice particularly that the rectifier and filter circuit is designated with 



heavy lines and that the regulator cnntrol circuitry is shown with light 



lines. Also notice that there are two bridge rectifiers shown. The main 
bridge rectifier consists of SCRs Q3 and Q4 and diodes CR5 and CR6. The. 
purpose of this bridge is to provide a positive DC output voltage. This 
voltage is regulated by Zener diode CRI and RI. The output of this bridge 




lesson . This diagram is the schematic for the NIDA SCR regulated power 



lesson* 



circuit is 



?^ to provide a positive regulated DC voltage to QI and 02 



in the control circuit. 



no response required 
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@ THIS IS A TEST FRAME. COMPLETE THrTEr.f QUESTIONS ANO COMPARE YOUR 
ANSWERS WITH TllE t:ORRICT ANSWLRS filVrw AT THE TOP OF THE PAGE JOLLOWI NG THE 
TEST QUESTIONS. 
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The time for Cl to charge to the UJT trigger level depends on the 

a. type of error voltage (more/less positive) 

b. value of Cl 

c. value of R2 

d. all of the above ^ 

A less positive error voltage will cause the internal resistance of Qllto 

a. increase 

b. derrease 

c. have no effect 

d. can't tell based on information given 

An Increase In the resistance of Ql will cause the UJT to trigger 

a. sooner 

b. later / 

c. h^ve no effect 

d. can't tell based on Information given 
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The voUage applied to the control circuits is 
on/independent of the regulated output voUage. 



dependent 



independent of 



14^ Since you are already familiar with how bridge type SCR rectifiers 
work^ the PCTaining frames will concentrate on the control circuitry. 
Recall thai the control circuitry is designated with light lines on the 
schefnatic. One way to help you understand how the control circuit fynctions 
is to describe the operation of the various components of the control 
circuit when changes take place. Assume the normal regulated output voUage 
from the supply is 15 volts from TP3 to qround. Now if the Toad current 
decreases^ the regulated output voltage at TP3 would tend to increase to soy, 
16 volts. This more positive QUtpiit voUage would act to increase thp. 
forward bias^ on Ql. The increased forward bias of Ql resuUs in a change in 
the tra^istor's resistance. Because of the increased current flow between 
the. collector and emitter of Ql, additional current flows through R5. 

When the lead current decreases, the forward hias of Ql will increase/ 
decrease and more/less ^current will flow through Ql." 

i ncrease and more 

15. Because cf the Increased current through R5 the voUage drop across 
this resistor increases\^ The total voltage drop across R5 and CI approximates 
the 12 volts across Zener diode CRl. The increased voltage drop across R5 
causes a corresponding decrease in the voltage drop across CI. The smaller^^" 
voltage drop across the capacitor delays the timfi it takes CI to charge to 
its maximum polentidl nnf) thus f,hc HJT Irigfjer Ipvrl. 
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^12^ As you stur(y tho schemat ic not in? that CK5 and CR6 are used in both of 
the bridge circuits, iinct^ Lhest* diiKles are used in hoth circuits* they 
handle more current than CR3 and CR4. If you have concluded that the diodes 
used in the control circuit, specifically CR3 and CR4, require relatively 
little current you are correct. A closer examination of the schematic will 
reveal that in addition to CR5 and CR6> other components are convnon to both 
rectifiers. These components are R8, R9, and R17. 

The diodes which are common to both bridge circuits are and 



CR5 and CR6 or CR6 and CR5 



13p The regulated 12 volts felt across Zener diode CRl is used as the 
source voltage for the control circuits. By regulating this voltage* an 
improvement in overall stability of the control circuits is achieved. 
The control circuits have a critical effect on the output voltage* therefore 
. any improvement in their action results in better output voltage' regulation. 
J 

\You should note on the schematic that the 12 volts for the control circuits 
are "stacked** on top of the main ^power supply output voltage line. This 
circuit arrangement amounts to "series-aiding" the two voltages. However, 
the control circuit common- is actually the main output voltage positive line 
(terminal 18 to SCR cathodes). Thus* the control circuits only see 12 volts 
that is Independent from the main supply. You should confirm this fact ty 
tracitig out the voltage across CRl and C3 to ground. 
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An increase In the voltage drop across R5 causes a/an increase/ decrease 
In voltage drop across CK 



a decrease 



16J Because CI takes longer to charge^ the time to forward bias the 



emitter-base 1 junction Q2 is delayed. This causes the UJT to fire later 
and therefore the SCR "turn^on** time is delayed* 

When CI takes longer to charge, the UJT will fire earlier/later 



Because the UJT, triggers at a later t1me» the SCR is gated on for a 
shorter period of time* Recall that tne amount of time an SCR is gated on 
determines the amount of current which wUl flow. In this case» because 
current flows for a shorter period of time, the output of the power supply 
returns to normaU Study these schematics again and try to visualize what 
happens when the load currerrt increases or when there is a change in jthe 
Input voltage. 



no response required 
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1* b. increase 

2. c. decrease 

3. a. a longer charging time for CI 

4. b. sooner 

IF YOUR ANSWERS MATCH THE ANSWERS GIVEN ABOVE PROCEED TO TEST FRAME Z2, IF 
YOUR ANSWERS DO NOT MATCH THE A^iSWERS GIVEN ABOVE PETURN TO FRAME 11 A^D 
FAKE THE PROGRAMMED INSTRUCTION AGAIN. 



ly To further help you understand how the regulated SCR power supply 



operates, both input and output waveforms are shown. The waveforms shown in 
Figure 7 illustrate how the power <5upPly operates, under normal conditions 
and how it operates with an increased load current or decreased input 
voltage. The solid line waveforms refer to the normal operating condition 
and the dotted lines depict the waveforms when the circuit compensates for 
an increase? in load current or a decrease in input voltage. 
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^ THIS IS A TEST FRAME. ANSWER THE TEST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE ANSWERS GIVEN AT THE TOP OF THE PAGE FOLLOWING THE TEST 
QUESTIONS. REFER TO THE FOLD-OUT SCHEMATIC FOR THE SCR REGULATED POWER 
SUPPLY IN ORDER ANSWER THE QUESTIONS. 

1. Increasing the base-emitter forward bias of Ql will 

the current through R5 

a. decrease 

b. Increase 

c. have no effect on 

d. stiiy the same 

2. when the voltage drop acrrss R5 increases, the voltage drop across CI will 
d* stay the same ^"^\) 

b. increase 
c* decrease 
d* reverse polarity 

3. Any increase in the voltage drop across R5 results in 
a* a longer charging time for Cl^ 

b. a shorter charging time for Cl 

c- no change In the charging time for Cl 

d* cannot determine based on Information given 

4. When Cl charges faster, the UJT will fire ^ 
a. later 

b* sooner 

c. at the same^ time 
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NORMAL OPERATING WAVEFORMS 






Figure 7 




SCR CONDUCTION TIMES 




The control circuit causes Q2 to trigger the SCRs earlier to 




compensate for a/an in load current or a/an 


in 


Input voltage. 




a, increase^ increase 




b, decrease^ decrease 




c, decrease, incroasn 




d, increase^ decrease 






increase, decrease 
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NORMAL OPERATING WAVEFORMS 

INCREASED LOAD CURRENT/OECREASEO INPUT VOLTAGE WAVEFORMS 

Figure 7 
SCR CONDUCTION TIMES 

Notice that the bottom three waveforms reflect current output. When operating 
normany the SCRs are triggered "on" approximately at the mid point of 
the sine wave c;yc1e. Q3 is triggered or fired during the positive alternation 
and Q4 Is triggered during the negative alternation. Tc compensate for 
an increased load current or decrease in input voltage, the control circuit 
causey the UJT to trigger the SCRs earlier as shown by the dotted lines. 
Make sure you understand the conditions which will cause the UJT to trigger 
the SCRs earlier before proceeding further. 
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A'decrease in loadjrurrent or an increase in input voltage 

a. cause? the UJT to trigger the SCRs earlier 

b. causes the UJT to trigger the SCRs later 

c. has no effect on the firing time of the SCRs 

d. must be directly proportional to the charging time of CI. 



b. causes the UJT to trigger the SCRs later 

[21^ Again refer to the schematic for the SCR ^j^gulated power supply and 
notice that R17 is variable. This allows for the adjustment of the 
forward b'las of Ql, which ultimately affects the charging time for CI, 
and the pulse or triggering time of Q2. When the wiper arm of R17 is 
rotated clockwise, the forward bias voltage for Ql is less, this 
increases the resistance of Ql and the charging voltage for CI. 
Because of the increase in charging voltage, CI charges faster. , This 
causes^ the UJT to pulse earlier, thereby firing the SCRs sooner anri pmvidinq 
an increase 1n output voltage. Study the schematic i.n order to understand 
what happens when the wiper arm of Rl7 is rotated counterclockwise. 



no response required 
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The waveforms shown i n Figure 8 indicate what happens when the load 
decreases or the input voltage increases . 
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Figure 8 
SCR CONDUCTION TIMES 

When studying the waveforms refer slso the the schematic for the SCR 
regulated power supply. A decrease in load Current, or an increase in 
input voltage, increases the voltage at test point 3. This causes additional 
Current through Ql and increases the voltage drop across R5. Because 
of the increased voltage drop across the resistor, the charging time for 
CI is delayed. Since CI reaches maximum potential later, the trigger, 
or pulse time, of Q2 is also delayed. This results in a later turn on 
or gating time for the SCRs. 
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Any increase In the voltage at TP3 wil] 

a. have no effect on the UJT triggering time 

cause the UJT to trigger later 
c- cause the UJT to trigger sooner 
d. cause an overload for the control circuit 

Q2 triggers SCRs Q3 and Q4 earlier to compensate for 
a/an 

a. increase in load current or increase in input voltage 

b. decrease in load current or decrease in input voltage 

c. increase in load current or decrease in Input voltage 

d. decrease in lo^d current or increase in input voltage 
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(22^ THIS IS A TEST FRAME. COMPLETE THe'>£ST QUESTIONS AND COMPARE YOUR 
ANSWERS WITH THE ANSWERSGIVEN ON THE TOP OF THE PAGE FOLLOWING THE TEST 
QUESTIONS. 

REFER TO THE FOLOOUT SCHEMATIC FOR Till SCIl RI tiULATL!) POWi K StIPPLY IN ORDER 
TO ANSWER THE QUESTIONS IN THIS TEST FRAME. 

1. The conduction time of Q3 and 04 depends on the pulse or triggering time 
of 

a. QI 

b. Q2 

c. CRI 

d. CR2 

2. The output voltage of the SCR power supply may be increased by 

a. applying a negative voltage to the SCR gates 

b. holding the SCR gate voltage constant 

c. triggering the SCRs sooner 

d. delaying the triggering time of the SCRs 

3. The variable component which influences the charging time of 
CI is 

a. QI 

b. Q2 

c. R2 

d. CI 
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1. 


b. 


Q2 


2. 


c. 


triggering the SCRs sooner 


3. 


a. 


Ql 


4. 


b. 


cause the UJT to trigger later 


5. 


c. 


an Increase in load current or decrease in input voltage 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU ANSWER ALL 
SELF-TEST ITEMS CORRECTLY, PROCEED TO THE JOB PROGRAM. IF YOU INCORRECTLY 
ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, THE CORRECT ANSWER PAGE 
WILL REFER YOU TO THE APPROPRIATE PAGES, PARAGRAPHS, OR FRAMES SO THAT YOU 
CAN RESTUDY THE PARTS OF THIS LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU 
FEEL THAT YOU HAVE FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT 
AND USE ANOTHER WMTTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING CENTER INSTIIUCTOR, UNTIL YOU CAN 
ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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As you study this block diagram, you. should note that tlg^ SCR power supply J 
is a type you examined in Lesson 3; for example a Bridge rectifier and 
filter, A sample of the DC output voltage from the supply is use" to 
establish a DC error voltage for the control circuit. The control circuit 
will convert the DC error Into time varying gate triggers. The gate 
triggers are used to adjust the conduction time of the SCRs in the main 
SCR power supply to compensate for changes in input voltage or load current 
and maintains constant output voltage, 

A typical control circuit for controlling the output of the SCR power 
supply is shown in Figure 2, 
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Figure 2 



COKTROL CIRCUITS 



The control circuit is made up of two interrelated, yet different 
circuits. The control amplifier circuit consists of Ql. 3nd R2, The 
second circuit is a pulse generator. This circuit is similar to the 
unijunction trigger 'circuit you studied in Lesson 2 of Module 25, It is 
used to pulse, or fire, the SCRs in the power supply. The triggering 
frequency of the total control circuit is determined by the action of CI 
and the combined resistance of QI and R2, Since Ql's internal resistance 
is In parallel with CI, it influences the charging time of Cl, 

When the capacitor charges fast, the forward bias between the emitter and 
base 1 of the unijunction 02 Is achieved quickly^ When sufficient 
forward bias is present between the emitter and base 1 of the unijunction, 
it fires the SCR, The waveforms shown on the right hand side of the 
schematic indicate firing times in relation to times when the SCR is 
fired early, at the regular time, and finally when the firing time is 
delayed. 
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NARRAT I VE 
LESSON 4 

SCR Regulated Power Supplies 



In Lessons 2 and 3 you learned about voltage and current power supplies 
and the advantage of the SCR power^upply over a conventional diode power 
supply. Th« purpose of this lesson is to acquaint you with the control 
circuitry which regulates SCR power supply circuits. 

Recall that the major advantage of the SCR power supply is that it 
provides roaxlmuin output power with rainirauni internal power loss. 

Because the conduction time of the SCRs in an SCR power supply determines 
the output voltage of the povfer supply, a n»ethod for controlling the 
conduction time has been developed. By controlling the conduction time 
of the SCRs, the output voltage and ultimately the power which reaches 
the load are controlled. Regulating, or controlling, the conduction time 
of the SCRs is also used to compensate for changes in input- voltage or load 
current. This assures a constant regulated DC output. 

The basic block diagram of an SCR regulated power supply is shown in 
Figure 1. 
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■ figure 1- 
SCR REGULATED POWER SUPPLY 
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Figure 3 
PULSE GENERATOR 



During time frames TO through Tl» there is no output from the pulse gener- 
ator circuit, since CI has not yet charged to the firing level of Q2. When 
the capacitor reaches the firing level of Q2» the emitter-base 1 junction of 
the UJT becomes forward biased. This causes the UJT to conduct and allows 
CI to discharge through resistor R4. The capacitor discharge Is shown as a 
waveform (commencing at time Tl) to the right of the schematic. Recall that 
' once the UJT becomes forward biased it conducts and triggers the power 
supply SCRs. Q2's output gates the SCRs on. After CI discharges, the UJT u 
again reverse biased and current no longer flows between emitter-base 1. ^ 
Concerning the SCR» recall that the SCR gate turns or triggers the SCR on 
until the AC input voltage reverse biases the SCR. 

Thus far» the effect of the charging and discharging of CI in the pulse 
generator circuit has been described. Since Ql effects the pulse generator 
circuit it is necessary to understand its operation in relation to this 
circuit. The schematic diagram shown in Figure 4 and associated waveforms 
will help you understand how this transistor operates in the pulse qenerator 
circuit. Ql is depicted as a variable resistor in the schematic to conv^ 
the idea that its resistance changes depending on the change in its. forward 
bias. These changes effect the charging time of CI and ultiraetely the 
firing or triggering time of the UJT. i- 
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fte^er to the schematic shown in Figure 2» and recall that changes in the 
fprward bias of QI result in corresponding changes in the resistance of the 
iransiStor. If you cannot recall this relationship it will be to your 
Advantage to re-stuc]y Lesson 2 of this module. Now consider what happens 
when a positive error voltage is applied to the base of Ql» as a result of 
an increased input voltage or decreased load current. The larger forward 
bias on Ql causes its internal resistance to decrease. Since the internal 
resistance of Ql parallels Cl» the voltage that attempts to charge CI is 
reduced. This increases the time it takes to charge CI to the firing 
potential for unijunction transistor q2. This results in a later turn-on 
tinie for the SCR. Take some time and consider what happens when a less 
positive error voltage is applied to the collector of Ql. The schematic 
shown in Figure 3 is for the UJT trigger or pulse circuit. Understanding 
how CI and the UJT operate to trigger the SCR, will enable you to understand 
how a regulated power supply operates. Waveforms have been ^hown adjacent 
to the schematic together with time frames in order to help you understand 
the total operation of the pulsing circuit. 




Figure 3 
PULSE' GENERATOR 
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Figure 4 
PULSE GENERATOR ACTION 



When you study the power supply circuitry you notice that there are two 
bridge type rectifiers shown. The main bridge rectifier consists of SCRs 
Q3 and Q4, and diodes CR5 and CR6. The other bridge circuit is comprised 
of CR3, CR4, CR5, and CR6. The function of the conventional diode bridge 
circuit is to provide a positive DC output voltage which Is regulated by 
Rl and CRl. This regulated 12 volts is used as an Independent source 
voltage for Ql and Q2 in the control circuits. By regulating the control 
circuit voltage, an Improvement in stability Is noted, thus providing better 
regulation of the main SCR power supply. You should examine the schematic 
to see that this regulated 12 volts Is "stacked" on tap of the main power 
suDply voltage output line. For example, if you were to measure the voltage 
at the cathode of CRl to ground, you would find that this voltage was equal 
to 12 volts plus the main regulated output voltage. You can see why this 
occurs by tracing out the circuit from the cathode of CRl, across C3 to 
ground. Of course the control circuits see only 12 volts. 

The schematic shows that CR5 and CR6 are common to both of the bridge 
circuits. Because these diodes are used in both circuits they conduct more 
current than CR3 and CR4. CR3 and CR4 are only used In the control circuitry 
* and therefore^ conduct very little current. A clono examln^itlon of the 
schematic will reveal that R8, and Rl7 arc conipononts which are also 
common to both rectifier circuits. 

Because you are already familiar with how bridge type SCR rectifiers 
work, the remainder of this lesson will concentrate on the regulator 
control circuitry. Remember that the control circuit Is shown with light 
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The waveform at the left hand side of the schematic shows both the normal 
triggering conditions and the changes when the load current decreases or the 
input voltage of the power supply increases. 

When a more positive error voltage is applied as inpt*, Ql becomes 
forward biased and its internal resistance decreases. The smaller 
resistance of Ql reduces the voltage at the voltage divider junction of 

and CI » thereby increasing the tfruf? required for CI to charge and 
flrlaying the pulse or trigger time of the UJT. Because the UJT triggers 
tho sens later, conduction time is reduced and output voltage of the 
power supply is reduced. 

Refer again to the schematic and consider the act-ion of Ql when the load 
current increases or the input voltage drops. Either of these conditions 
cause Ql's resistance to increase and therefore CI charges quicker. This 
results in i,he UJT being triggered earlier resulting in a greater output. 
Remember increases in load current or decreases in input voltage^ result in 
an early firing time for the UJT and SCR whereas a decrease in load current 
or an increase in input voltage result in a later UJT firing tinie and turn 
on for the SCRs. Make sure you understand these concepts before you proceed 
further with this lesson. 

So far the instruction has been concerned with circuits which control 
the SCR power supply. The schematic for an SCR power supply together 
with regulator control circuitry is shown on the fold-out at the end of 
this module*- This schematic is for the NIDA SCR regulated power supply 
which you will be required to use as part of the job program and 
for the remainder of the lesson. 

To help you understand the Interrelationships of the circuitry the 
rectifier and filter circuit has been deisignated with heavy /Tines end the 
regulator, or control circuitry, is shown with light lines. 
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The waveforms shown in Figure 6 Indicate what happens when the load 
decreases or the input voltage increases. Notice that In this case the 
trigger of the UJT fires the SCRs at a later time and the SCRs conduct 
for a shorter duration, Stuc(y the waveforms shown in Figures 5 and 6 i 
conjunction with the fold-out schematic for the NIDA power supply and 
control circuitry, > 
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lines on the schematic. . The operation of the various components which 
make up the circuit will help you understand the total operation of the 
NIDA power supply. If the load current decreases, the voltage at TP 3 sh-)wn 
on the right hand side of the schematic, will be greater. Because of this 
Increased potential, the base-emitter forward bias of Ql Increases. This 
results in a liecrease In the transistor's resistance and additional current 
flows through R5. Bec?.use of this, the voltage drop across R5 increases. 
This delays the time It takes CI to charge to the UJT trigger level and 
causes the unijunction to fire later, since the UJT fires later, the SCR 
turn-on time Is delayed. Again refer to the schematic and consider what 
happens when the load current increases or the voltage at test point 3 
decrt'-ases. 

The Input and output waveform shown in Figure 5 should also help you 
understand how the power supply operates. Normal operation is shown with 
a solid line and the broken lines shov-) how the circuit compensates for an 
increase in load Current or a decrease in the input voltage. Please notice 
that the bottom three waveforms Indicate current output. 
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